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Abstract 

Cable television networks offer peak communication data rates that are orders of magnitude 
greater than the telephone local loop. Although one-way television signal distribution 
continues to be the primary application of cable television systems, the cable television 
network can be used for two-way data communications. 

Data communication places severe engineering demands on the performance of a cable 
television network. Therefore, to ensure that data communications capabilities are not 
precluded by poor engineering, local cable authorities and the cable industry must identify 
and overcome the technical barriers to the application of cable television networks to data 
communications. We identify the following as the primary technical requirements that remain 
to be addressed by the cable industry: 

- Methods for controlling the accumulation of insertion noise and ingress on 
upstream channels. 

- Reliability and security mechanisms to provide adequate levels of system 
availability, overall quality of service, and privacy of communications. 

-System engineering that supports data comn^mcationsafpong many nodes, 
other than on a point-to -£Q]nt basis, .., t , .. , 

If the cable industry applies the resources hecfessaiy fo safjsfy these requirements, cable 
television networks can gain a lucrative share of the growing residential and institutional, data 
communications and information services markets, in competition with telephone company 
and cellular microwave services. 



In order to make this importawti pnd3iffm4TWf^f^f^f4^f^'* de,y available t0 a diversity 
of users and service providers, local cable authorities, in addition to the cable industry, should 
establish structural mechanisms to eliminate the cable operator's potential conflict of interest 
between its carriage and content functions, which might otherwise inhibit this diversity. The 
nature of appropriate regulatory mechanisms has been a source of conflict and confusion 
because of the unclear status of the cable operator as broadcaster or common carrier. 
Leased channefacee^ required iinMo^SeiMi&fe on a channel by 

channel basis, can allow the operator to serve in both capacities, thereby both encouraging 
investment in facilities jwk1 kmiting ttw opportM»MV«6 ^r^aMrQompeWwe practices. The rate 
structures and levels adopted by the operator wijj determine the extent to which teased 
channel afc<»s^ succ^s^WtV a^nl^^ tr^ eM "* !? c """ 3 '" : - "'"'-• ■■ : -' w • ? - " 

More than in the past, cable authorities will find, Jheni§elves monj|onr\a, ar\d 1 specifying details 
of the network infrastructures, both technical and durational, to ensure that suitable facilities 
are constructed and that a diversity of service sources are granted access to the medium. 
Tbis*tbeste483ntett«tfcl as a resotntefof* cafWd *trthori«e6, & fcitfa^fettjle operators; as they* 
establish the, role of cable t^i^PA'^ 

particular, Chapter 6 serves as a gukie for city and state cable authorities to incorporate the 
technical detail and regulatory structures r to^i^'f^ta l ci^h^fe 
existing cable policy. 

Key Words: cable television, telecommunications policy, computer networks 
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Chapter One 
Introduction 



Cable television networks 1 were designed to distribute television signals from a central 
location to residential homes throughout a local region. These systems were used originally 
to provide entertainment television to regions where over-the-air reception was not 
satisfactory. Increasingly, they are used, to provide e greater diversity of programs than over- 
the-air spectrum limitations permit, and as a means of delivering premium television services 2 . 

Although one-way television signal distribution continues to be the primary application of 
cable systems, the technology is also appropriate for two-way communications. This report 
focuses on developments in two-way communications over city cable systems, in particular, 
two-way data communication services. 

Data communication places intense technical demands on the performance of a cable 
television network. Therefore, to ensure that data communications capabilities are not 
precluded by poor engineering, the city cable authority aind the cable operator must identify 
and overcome the technical barriers to the application of cable television networks to data 
communications. More than in the past, the cable authority wTM find itself specifying details of 
the network infrastructures, both technical and operational, to ensure that suitable facilities 
are constructed and that a diversity of service sources are grantee! access to me medium. 



Abo known as cable networks, or CATV (Community Antenna Television} systems. Throughout this report we will 
use the term "cable networks" interchangeably with "cable television networks" and "cable television systems". 

2 
Also referred to as pay-television. 
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1.1 Motivations and applications 

This section sets the stage for our discussion of data communications via cable television 
networks. It is not a rigorous survey of the market research in this area, but provides a 
sampling of envisioned markets and applications. In so doing, we hope to communicate to the 
reader why data communications via cable television networks is of interest to cities, 
residents, commercial an^ $oyernrnera i^^^^f^^'l,!!^ 1 ^^ , 

1.1.1 The markets > ; 

There are two distinct markets for data corrimuntea^toiftPreeidentrata^d fn&itutk&air Tnere 
are also two categories of service: infermatiori artrfSdrHmti htbatfo*. iMon^atf bh^seirVtces refer 
to those services whereby a second party provides the content which is accessed, requested, 
or resDonded to by the user. Communication services provide onto the, transmission and 
switching services, all content is provided by the users independently of the communication 
service provider; users being persons, organizations, computers, or other communicating 
devices. 

The intracity market for business data communications already exists. Projections for its 
growth are based on the increasing use of computer equipment within the office which will in 
turn generate demand for increasing amounts of intracity communications. Currently, 
intracity communication needs must be satisfied by the telephone company (see Section 4). 
intermittent demand for data communications is satisfied by dial-up facilities, at speeds up to 
4800 baud. Dedicated facilities are also available at speeds up to 56 Kbps- Point-to-point 
communications facilities are available at higher speeds, but switched services are not. In the 
future, considerable demand is projected for high speed switched networks which will 
accommodate intracity communications of both continuous and intermittent natures. An 
institutional market for information services exists and is growing. Services such as Lexus 
and Nexus 3 will be spurred by the growth of standardized videotex services for the business 
sector. These services will provide a common standard, or gateway, whereby users can 
access many information sources. 



\agal and medical data baae services. 



i^oi.-jr 
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Unlike the institutional market, the residential market for information services does not exist. 
Projections for its growth are based primarily on projections of supply, rather than demand. 
Although videotex is touted primarily as a home information service, it will grow as a mass 
media service after it is established in the commercial sector [17]. Most existing residential 
data communications demand currently takes the form of professionals working at home 
using terminals and modems to talk to central computers and information services via phone 
lines. In addition, increasing numbers of personal computers, used for both personal and 
small business applications, are equipped with communications capabilities. 

An informal random polling of 200 residents in a suburb of Boston which has a high 
concentration of professionals, resulted in approximately 3% who reported having terminals 
or personal computers in their homes 4 , another 13% reported having video games, in 
addition, the local cable operator estimates that sporoximatsty 2$% of the homes passed will 
subscribe to pay-television. These numbers can be used as preliminary indicators of the size 
of the residential market. The number of residents with terminals indicates the; minimum 
market size for data communications to the home. Similarly, the number of residents with 
video games indicates the number of residents who fend to invest in "high technology" 
entertainment devices for the home. Finally, the number of pay-tetevision subscribers 
probably indicates a short to medium-term upper bound on the existing residential market for 
data services. 

Projections for future applications of residential data communications range from transaction 
and information services to electronic mail and multi-person games. Services such as Teletext 
and Videotex have received considerable press coverage, but the degree and form of their 
success is still uncertain. To a large extent it hinges on, the development and availability of 
information providers and inexpensive terminal equipment 

In 1981 there were 4,400 operating cable systems in the U.Ji, and. an additional 2,000 that 
were approved but not yet built. These systems served approximately 10,400 communities 
and 17,200,000 subscribers, 22% of the T.V. households. The largest system had 188,880 



Survey conducted at M.I.T. Laboratory for Computer Science, January through April, 1962. Supervised by Prof. 
J. Saltzer, and D. Estrtn. 
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subscribers 5 . Although most systems have 12 channels, systems constructed during the past 
10 years have a minimum of 20 channels, and newly designed systems may have 50 or more 
channels [46]. Although there are wide variations, it is typical that half of the homes passed by 
the cable subscribe to it, and half of the subscribers purcHase premium services such as pay- 



television 6 . 



1.1.2 Proposed services 

In 1974 Baer et. al. [8] outlined a menu of possible applications for two-way cable systems, 
see Table 1-1. 

Baran also studied the applications of broadband information networks and suggested the 
following categories of applications, many of whkto today appear farther off than they old 
eight years ago. 

1. Work at home 

- Person-to-person - electronic mail. 

- Secretariat assistance. 

- Access to company files. 

2. Transaction services 

• Banking services. 
-Shopping. 

- Price lists and information. 

- Consumer advisory service. 

3. General information access 

•Newspaper. 



Cox Cable San Diego system. 



6 Cable television statistics are reported weekly in each issue of GaotoWsfon, Titsch PubUshine Inc., Denver, 
Colorado. 
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-Fares and flck^i^serv&ttons. 

- Legal information. 

- Library access. 
4. Entertainment 

■ Games. 

• Multiperson games. 



•mi&m*r : 



' Incentive laati^fcldhcl - 
Hw and burglar alarm monitoring 
Tatevtsfmnt is*«aga vHCOf ; ,!> . 
Utility meter reading* 
a»n**»l «f «tl04ty ««*>lca«r 
Opinion polling 
: *la*|Ba » ; f iaaa^fh ; j>urail*" : I .. , 
Intaractlva IV game* 

WW*** ■:iV'.:v:--.fr-: J . ■:■■ Oi ' 
Pay TV 

Spaclal lntaraat group convaraatlo 

Elactronlc aall delivery 

Electronic delivery of newspaper* 

and periodical* 



time sharing 
Catalog displays 
■ Stock-market Station* 

Reservation aerjrtxee. ttck*t salsa 

Wnl*Bii„i«tTi«iir-' ■■'■ 
Inqulrla* ftoM «ao(«*Ml dtaectacte* r 
Local auction aales and nap abops 
Electronic voting 



Interactive vocational couneellng 

Local ombudsman 

Employment, health car*, boualag, 

-..-.^gftt^J^g^^V, Jb»- : 

Library ref erenca a*WCh«r 

Information retrieval aervicea 
Dial-up video and audio Ubrarlec 



tnacicutlewl 



Cemputt**at* emfkemge v ; 
Teleconferencing 
■ami «1 «awm | at fraiic' :ar«a*.. ■■■ " 
Fire detection 
iPadQJMdtafc~mnmita*lag . , 
Traffic control 
llneeBMlafc -and) • ■heflaaraati - ' 
identification 

Area transmit tore /receivers for 

_.^^2?fftf!?5BT 33i.sJ fijGQjr:- 1 '/'," 
Classroom instructional TV 

Education amtanel— claaaaa 

Televising — nlclpal meetings 

1 " irtjlt rittbrl Mie, ! "* ~ l "* ' ' 
Direct reeponse en local iaauee 

public information prograaa 
Buelnee* traaaactlone 

ttaisel aainniini.'- ■ ■ !..■'■ ■• 

e.idantlfleatl. 



Induatrlal security 

IneSrlJaTtralnrS?* 
fpluesamo mMesT timber 
Teledlagsoal* 
Medical record evebeag 



TaWe 1-1: S ome prop o sed irrteracttw S»r»k^1br fl a i ls W»av i»i ow 



'Baer, W. [8] 
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Jones et. al. outlined urban public services which rely upon telecommunications and would 
be well suited to the use of broadband facilities. 

1 . Delivery of government services. 

2. Citizen-government interaction. 

3. City administration. 

4. Status monitoring. 

1.1.3 Existing applications 

Since the time when these applications were proposed, seven years ago, few of the visions 
have been realized. Why does the application of cable networks to data communications 
seem any more viable today? The primary eeason is that today many of the services already 
exist but use different, narrower bandwidth, higher cost, media such as te l eph one lines: 
connection of automated teMer machines to bank branch offices* connection of terminals in 
urban and suburban schools to shared computer facilities, connection of airline reservation 
terminals to centralized, data base facilities. 

In fact, cable television technology is already in use as^ date cooirnunicatiora medium. 

1 . In the summer of 1981 M®n York City's Computer Service Center, swjlchedslrom 
phone lines to Manhattan Cable Television (MCTV) faeHHtee for communications 
with the Manhattan municipal budding. The swftrjh reduced the cijy's data 
transmission cost by*appfO*irnate4y one th^ 

2. Financial institutions in Manhattan have been using MCTV facilities since' 1075 to 
connect Waff Street and f^^mf i p^s$. 

3. Brown University in Rhode Island uses a broadband cable television tietwork to 
interconnect terminals and computers throughout thecarapusr 

4. In addition, information services are being used, if primarily by businessee: 

a. In the Umted^ngdoni, ttie^e is m?^ 
which uses telephone Knee to sendkrfeflTOtiQate and fcom? users. Contrary 



Annual municipal data transmission costs for the City of New York are estimated to be $10,000,000. 

g 

Sytek Inc., LocalNet 20 system, see Appendix A. 
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to initial expectations of the British Telecom wWcfc'devel6pe^ and offered 
the service, it is used primarily by the business community. 

b,ln contrast jo, ^videotex e^qwrietteja, ^pe-}^ ; te^*xj system now 
offered in the Ll!k. appears quite successful among residents . This is 
attribtrt&bteio lovt^tetet^ 

nature of the information p^y^T^rnm^f^f^rPm^^^^^^ require 
the enhanced access features offered by videotex. 

c. Lexus and Nexus legal and medical d a ta toa e a serv tcea. 

d. Dow Jones stock market information services. 



1.2 A possible scenario 

ft ttie short term cable operators will realize profits from institutional communication services, 
in competition with the local telephone company. In the longer term, as information services 
and inexpensive terminals' become available, «# residents VrmeVwiH also become 
important revenue source. M was the case with the. iM^P^i^lW^ subscriber 
services will be spurred by the desires of commercial users to reach consumers. Many of the 
first generation of information services may only affew'uliers to communicate with the 
headend and a^y servicesthat reside there. To further their growth, and inc*eaae subscriber 
penetration, cable operators will find it worthwhile to provide for multiple served netwbrks (see 
Section 3.2.2). As a result of these developments, informationsfjvjc^ and communication 
services would be effectively merged. The cable operator would then offer communication 
services to both information and entertainments service providers and communication users, 
and would itself act as one of the service providers on the network. 



10 ln a teletext system pages of information are "grabbed" from a constantly cycling data base of pages to simulate 
interactivity. 
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1 .3 Overview of this report 

If the cable television networks fulfill their potential as important, and unique, municipal 
resources, they should be made widely available to a diversity of users and service providers. 
Therefore, local cable authorities, in addition to the cable industry, shouW establish structural 
mechanisms to eliminate the cable operator's conftict Of interest between Its carriage and 
content functions, which might otherwise inhibit this diversity. In addition, data 
communication places intense technical demands on the performance Of a cable television 
network. Therefore, to ensure that data communications capabilities are, not precluded by 
poor engineering, local cable authorities and the cable industry must identify and overcome 
the technical barriers to the application of cable television networks to data communications. 

The application of cable television facilities to data communications raises many questions 
regarding the proper implementation and operation of the facilities. In this report we address 
these questions, some of which are listed below: 

- Can data transmission be accommodated on existing cable networks? 

- What engineering provisions must be made to handle two-way data transmission? 

- How much will it cost to implement such provisions? 

• What higher level communication protocols, such as addressing, should be 
implemented? 

- Who should offer services? 

-Who should decide what services are to be offered, and how should it be 
decided? 

- Is the cable operator acting as a broadcaster or a common carrier? 

- What regulatory or policy mechanisms are needed to achieve societal goals such 
as protection of first amendment right to hear and speak? 

- How will access to the cable network be charged for? 

-What role should the local cable authority play in specifying technical and 
operational details of the network? 

- What must the cable industry do to prepare itself for offering these new services? 
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The first half of this report concent$fa^o!> toc{*ik^*9U)*s4riat are not yet widely understood 
or appreciated in the cable television community. In particular, the cable industry must 
develop the expertise necessaf^$|>d^si$pf ajflf" kgjpfejtfgiapion of network facilities and 
services; the city cable authorities must understand the technology well enough to evaluate 
and monitor network planning and operation; aroLthe users and information providers, need 
to plan their applications according to the existing, as well as potential, data communications 

^ B, ^WfH!lff^h^Jib^ nc— aiffieosiT sm-0 

In Chapter 2 we present a tutorial on data communications over cable television networks, 
and in Chapter 3 we analyze the associated costs, impediments, and service structure 
options. These chapters should help the cable community better understand the technical 

issues and tradeoffs encountered In the design of data communications facilities and 

■■'-■'<■■■'■ K; -:■'•(•*: :r-c: ,j ■ni^r-..--.-''- oJi ^^-^ eW .mc--i£Zi'r<v>wnao PApb yb-v •>..■- ■.»} . Lj ,! ^v ■." 
services. We find that the communications protocols adopted largely determine the 

i-- 1 - ■■i;..v-;---.: •-'.■>'':;■ "><:-iHVi-"v. »n, ■. •■<'.. ,c :: ?' von ,-:.>how$Si' ffhiao ifjw.r.*;*':- ;■.'■• b ";-.. ' vi'.tit./r . ; 

capabilities and performance of the system. In particular, the ability to communicate with 
many "other points on the network, i.e., not only the headend, will be essential to future 

■.•>■'■•',•••■>'■,' '•" i-y--*,:-i'' - <-"C;i,:! (>i ■ ,::,-■< y, ■ ; ;>• ■tsi'^yj 4 >P': u ic; Ji' 1 ' Ui nc>'.":<-;U'>iii:- u r it>"v' vbij- jiiG-T< 

services. Performance is constrained by upstream noise and low reliability which may result 
from poor system engineering and the relative inexperience of the cable industry with data 

\>?,y- <nyy,y-:i:i.! s. 2n-..:te'^i! <-,-.'• 1 .-..'. U1 .:-;-;J?; t £ ^f;w ov;i ^1: 'u 0^»s>Tnoj:3U I ,ar vii!i*4^" ■■'•'■' 

communications. In Chapter 4 we Identify the unique properties of cable television 
technology (e.g., an economical, high-bandwidth medium that accommodates broadcast 
coifmM n f^tiR)^p P* cqr^pariog^j;,W«>, <$?F re^on^d^ d^r^u^^mec^ J)T^ ? and 
t^fphone^^ r , , .. e .. ; . > ,,. G , H ,, .. .. rKl . Biiii <\ tl3lb n , \^v:o^y ■■ ■■; .? :■'■'.■> 

The second half of this report addresses the national regulatory and local policy issues 

.VX-'; -'--r.."ir«': !-;; ?./,w ,vv ^ ;•,>■? Me e/'' tto -.»9(1« ?.ri:-;>:-v OJ no^vybJ t-' : 9fnr- !.;;; :^l :-J 

associated with the operation of data communications services via cable television networks. 
Chapter 5 outlines the policy context and proposes how the regulatory framework of cable 
television might be most suitably adapted to data communications applications. In Chapter 6 
we u^e^te^eje^ica^^ Jhisc^a^tet 

serves as a guide fpi;^ cable au#\Qnijes ^irjcpt^a^Jhg te^njcal ,d*t$l and^ej^ulajggr 
struc^res, f r^e$s^ rftBW'SKr ^^fxi^p^S, P$'$k %. 

emphasizes that not aJ!J^p f way,4^ $m88N$te3&8Mfo 

for the full range of data communications applications and therefore, in addition to dictating 
operations* policies, $*(iHitotatitiorityHmust<<^^ tt^ 

operttor, toiWJu^th^sutoblefacttWesareinpleoe. . 
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Chapter Two 

Cable Television 

as a 

Data Transmission Medium: Tutorial 



In this chapter we present a tutorial on the technical aspects of cable television networks as 
applied to two-way data communications. We review the hardware components of both 
traditional and enhanced cable networks and describe the communications protocols that 
can be brought to bear when implementing two-way data communication services. We 
conclude with a discussion of the primary technical limitations to implementation of two-way 
data communications. It is found that the communications protocol largely determines the 
capability and performance of the two-way system, given the limitations of upstream noise 
and low reliability. 

Cable Television systems, also referred to as Cable (Community Antenna Television^ CAtV) 
systems, were designed to distribute television signals from a central location to residential 
homes throughout a local region. These systems were used originally to provide 
entertainment television to regions where off the air reception was not satisfactory. 
Increasingly, they are used to provide a greater diversity of programs than spectrum 
limitations permit, and as a means of delivering pay-television. 

Although one-way television signal distribution continues to be the primary application of 
cable systems, the technology is also appropriate fbi* two-way cbirHVoirtteatidns. Two-way 
systems are those which carry signals from subscribers bat* tb the headend (upstream), in 
addition to distributing signals from the headend to subscribers \ti6frrfstream). 

The two-way data communication capabilities of cabte technology have been moat 
extensively exploited in private Local Area Ck>mraunicatton Networks (LACN's). These 
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networks transmit two-way video and data throughout large buiWings, industrial plants, and 
campuses. This report focuses on developments in two-way data communications over city- 
wide cable systems, as opposed to campus-wide systems. 

Cable networks are of two types: residential and institutional. Residential networks distribute 
video entertainment programming to residential subscribers in rural, suburban, and urban 
areas. In contrast, institutional networks are located tn city centers and serve business needs 
of commercial and governmental subscribers. 11 Residential networks carry most of their 
traffic downstream hi support of their primary service, vkleo^ntertalnment. However, newer 
services, sucfras home security, Intw^ an 

upstream capability. Institutional networks, given their bustnes^ clientele, will typically 
experience a more even distribution of communications to and fror^ subscribers. Proposed 
institutional services mctudehigh speed two-way data communications, in addition to closed- 
circuit television, for education and teleconferencing. ■■.]'' 



2.1 Cable system components ' 

This section describes the elements which comprise a cable system. The first part describes 
those hardware components common to all cable systems. We,^^d^escflbe the addit»onai 
hardware necessary for the provision of two-way data communications. 

-;,.; ■,-....■.- .:.■.-■■ ■■ - ;,■:<-. ■■: ',: ■-•".-;>:-, .. h: "0 «) Ol 3 1^8 i ■"-Hi "li ;'.!' "J I" v.* ■ •■',' -■■ ,: • V" •• -■■ 

.-,...■■< .-..>•: ■ :.-... ! "'"••?■■ : ">' .81 i- ,i»v'-.."-.:; 1C i}i»'"Jii!-' '-■' V' ; ' - ,! ' ■-•>V ; '--' 

2.1.1 Basic cable systems ■ ,.-., v .. K v ; . :S ■■■a ..■ 

AH caote systems are composed of a heedewtff 8VdRtfHto'tfc#pttfrtf7#id Ihttiriace eqtitplmni: 
In a traditional video distribution cabhtnetvwi*; <h*We*derwl receives fervef^th^aif b ro adc asts 

and translates them to frequency bands that are appropriate for transmission onto the cable 

.,- ■ - w ... -. . ■! i.. - . a ; „--.....■ --v----.: v .-iiff- ■■••■"tii men] bytpU.tfc"'? nslto sifi3ifc'i.."- i <.'' '■^■•'•n.- " -.".■'.'O 
plaht. Programming material that is prepared especially for cable is generated at the headend 

•» - ■>■--!, - ■ ■-- ■'• on 1 -■"■•■ 'O'C' TF'i f aids"* Sri. io if'-H". QrlJ ,;•>.<?>' '^idif^C'nO'"' 

titti U also ''transmitted dhto the cable plant. The cable distribution plant is a tree-like 

,, , ■ • ..■'.-. -, >-..'.-• '■iB-jv-.. •..'■' <-,.» ! .' '■'•"rt p.* nniJibi'rf". n< .si<te> -v--' s f Io «::-:-sf3nei "Jii?^-"- 
configuration of broadband coaxial cable, amplifiers, bridges, and feeder cables. The signals 

travel, via the distribution 5 plant, to the subscriber's home, where the interface equipment 

transilftls me signals into a form receivable by the suWs'riber's'television (Figure 2-1 ). 



Only a few institutional networks are currently operational. 
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Figu re 2- 1 : Cable Network Conrtpone^ts. (Scientific 4^taCable 
Communications Products llfel'**) 



2.1.1.1 Headend equipment 

Cable systems were first built in the 1950's to provide improved reception of television signals 
to geographically obstructed or isolated areas. In this capacity, the system headend referred 
to the location of the large receiving antenna from which the sigTV^ were ferisffiltted onto 
the cable. Today, ■ in addition to traditional over-the-air broadcast signals, an increasing 
amount of programming materia) is received from sateMitee. 

Over-the-air signals are often translated from their original frequency to a part of the spectrum 
compatible with the rest of the cable system programming and the transmission 
characteristics of the cable. In addition to translation and retransmission, the headend 
equalizes the power levels of the incoming signals to minimize interference among the signals 
on the cable, and compensates for fluctuations in broadcast signals to insure that a noise- 



12, 



Scientific Atlanta Cable Communicatoins Products 1981; Scientific Atlanta, Atlanta, Georgia 
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free, steady signal is transmitted onto the network. Some headends also phase lock the 
frequency offsets of incoming signals to reduce visual interference among them. 

2.1 .1,2 Cable distribution plant ■- caWe, am^fi^ f b^dj^jw»^fie/^ 

The cable plant is comprised of broadband ^coaxial cable, signal amplifiers, and bridging 

amplifiers. AH transntfssi€»o\wcabJ*rietworksjiS'#^^ 

the total frequency specfcw»*f the cable is subdivided Wo chanrieJs* Each channel 

aHoeation is typically equaito a standard television channel, &Mhz. ■■t&mbHflUMHi tJWrtasan 

be transmitted over coaxial cabte is largely determinetf by ^^thewi*«f*^U8ed.ftha<ea«e*lselt 

has a bandwidth in the^a^Mz range b*n^ 

limited in the bandwidth that they can transmit without causing excessive cross-talk 13 . 

The amplifiers used on older cable systems transmrNees ttiamaoo Mhz which limits iheir 
carryingcapacity to between m and 20 oha«r«s%r«*B8»«fStem«Jn^e5iip: robre*thai*«0% of> 
the cable systems in use toW 4 - Wim appr^^ 

components transmit 300 Mhz, will carry up to 30, 6 Mhz (TV) channels; systems whose 
components trahs^it?40t) J Mhz will darry upto ^ tV channete; 6ne (problem experienced with 
400 Mhz, and higher, amplifiers, is that due to the extra i cnariHellda^r^lhere is a degradation 
in the composite tripie'beat rating of the amplifieii'tW]; 15]! '"''trie triple beat phehbrrienon Is 
caused by different frequencies 'interfering f with one another ana generating noise; in 
particular, the sum and difference frequencies l prWu^ 

frequencies 15 . Three different types 6f coax^'cable are used in most systems - franking 
cable; narrower and more flexible distribution cable for network branches; ; and feeder cable 
which carries the .signal to each individual household from the distribution cable. The Jattet 
two cable types have greater attenuation than that of trunkjng cable but ? are lessjxpensjve.. 
Optimal network design attempts to minimize their .use within cost cpnstrajnt^. 



13 Cross-talk refers to the undesired transfer of energy from one channel to another. 

14 NCTA statistic, 19S1,WendeU Bailey y c 

i 15 The triple beat phenomenon, abo known as thMd order Wenwxtalatidrti * SWAeattn* ** one signal Bawle* wMh 
the second harmonic of another signal carrier (2f 1 jj^ or the beating of three signal carriers together with or without 
modulation ({(f 1 -f 2 )i' g } = '3 + 6 **")■ 
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Amplifiers are placed throughout the cable plant to compensate for attenuation which occurs 
when a signal is transmitted over long distances. The number of amplifiers needed per mile of 
distribution plant depends on the attenuation characteristics of the cable. An amplifier 
cascade refers to the number of amplifiers which a signal passes through between its source 
and destination point: Because all afflptlf JerWdoYrtfibule softie $s$6¥tlbfi td Iffe signal, there is 
a strict upper limit to the length of a cascade whictk can be tolerated before; the signal 
becomes distorted beyond acceptabte teveist In addi^pthe/w^ 
amplifier, the more ctimarit it te to control signal dtetoetiott, TteeeeJore, the. maximum toterabte 
cascade for 400 Mhz systems is smarter man that for 300 MhZi systems (59J. ^branching 4s 
achieved with the use ok bridging ampHNors which feed amplifted sig«»te from tofttwtntecabto 
onto a distribution- cable white keeping the trunk cabte electrically isplaied. 

The geographical coverage of a cable network is limited by the signal loss over the cable, and 
by the distortion characteri8tica«* theampKHers. T*«a^terrj»aeec«bed io this report operate 
over ai»as of 7 to 50 mites in diameter: For the case ot 400 Mh2;co»ponenta, th« maximum 
allowable ampMftercascade^mite the diei^ 

The gable distribution plant is typically .arranged in one of three, ^apologies, referred to as 
loop, tree, and hub. A loop design resembles a snake and requires the fewest of amplifiers, 
but entails the longest amplifier cascades. The cascade of a Igop design network is 
proportional to the. total distance which the cable traverses. For this reason, the loop 
topology is only appropriate for systems with limited geographical coverage and the low 
distortion characteristics ordinarily e^ociated with sn^l channel capacity. 

A free system is composed of a winding central trunk and branching distribution cables that 
carry the signals closer to me subscribers' premises (Figure 2-2J. This topology reduces me 
total number of ampfmers needed, and allows the system to serve a larger area than a loop 
topology. It also allows isolation of portions of me <^le plant in cases of disruptive 
component or interface unit malfunction, i.e., individual network branches, without halting 
total system operation. 

The inferior characteristics of 400 Mhz amplifiers restrict the topology of 400 MHz systems to 
a hub design whose branches are shorter than those of treeitfuctures (Figure 2*3). This 
configuration resembles a stor with theiwadendat its center, and inuMipte radially distributed 
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Figure 2-2: tree Topologytftera Cofmhtmicatiiifk^) 

trunks. The maximum distance between the farthest subscriber and the headend Is thereby 
minimized. This reduces the length of the amplifier cascades necessary to cover a given 
geographical area. Systems can be configured; with n^ttiple interconnected t*ufes to cover 
larger geographical regions. Enhanced transmission methods that are more resisitant to 
noise and inter- modulation are used to connect the hubs (e.g., digital transmission, frequency 
modulation, wider guard bands). Wideband, low-attenuation media, such as microwave or 
flberbpttcs, afe^plcatry tised'for tfielntef Tiub IffWTfte methods afid media i are currently 
economically pionlbtilrv'elbTtJSe ^^mc^ersegrHeHtidr-tn^'c^i J pte. 

2.1.1.3 Interface equipment 

The feeder cable lapa ott of the distribution; caJbJe md ( c*f«e* Jhe mn$ *b foe subscribe*. 
The mt$rtac*nnit, whick is also referred to^m te\mt#9trmiW9im6Q eqyipmwttPPGl 
connects the feeder cable to the customer's TYeek The«terfai?e unit tratwlates the signals 
taken off of the cable to a frequency band that can be received by a standard television- Thte 
converter is the simplest form of cable interface unit. In addition, subscribers to pay- 
television programs, which are sometimes scrambled before transmission, have converters 
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Dineson, M., Picazzo, J. [22] 
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Figure 2-3: .Hub Topology (Qata Communications ) 



equipped with descramblers 18 . 

2.1.2 Two-way cable system components 

2.1.2.1 Headend 

Two-way communications on a cable system requires that the headend receive upstream 
signals from the cable distribution plant in addition to traasmittipg ^ignals downstream. Some 
of the control structures for data communications require only that the headend translate 
specified upstream signals onto select downstream channels. Others depend upon the 
headend for additional addressing and switching capabilities. Some of the upstream signals 
may be forwarded by the headewto etlter points? oh or off ot»eca^ei*BW^?v^lle others 
may be destined for the headend Itself . Exactly* what equipment is needed depends on the 
application. To ensure compatibflnY with video transmissions, some teadentfs also frame the 
data signals to look tike video. 
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Dineson, M., Picazzo, J. [22] 

18 
Alternatively, the pay-television signals are trapped out at the trunk connection to each subscriber's tedder 

cable who does not pay for the premium service. 
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Most large systems today, both one- way and two-way, employ a minicomputer at the Headend 
for system control, maintenance, and billing. Once the headend is so equipped, numerous 
network management functions can be implemented at the headend. 

2.1.2.2 Cable distribution plant 

Two-way capability impHes that the cable distribution praht ' transmits signals in both 
directions. The co&dal ^cabie Ifsetf has this capability bafrtile standard one-way catte 
amplHfefs must be modified to accommodate two-way p ^ sintea M * Two-way amplifiers 
amplify a portion of the cabled frequency spectrum In <he upelream directiorir ana* the 
balance in the downstream dfnaetion. The upstream and dowirw^-daih portions tVe&t not be of 
equaf oahdwidth, and Ih indst cases are Hot TriS fh3rf$*et^4>aridWltftHs allocated for 
upstream and downstream transmission arecowpleie^'t^efmirfed by the arrtptffiers used. 
Any one-way system can, in prmcipte, be converted into a two-way system if the amptifteis are 
replaced with two-way ampHflet^.' 

Two-way cable systems vary In the number of channefe- allocated to upstream 
communications. Residential systems typically allocate rtidst of ? the> catM 1 channel^ to 
downstream transmission -- SVNfhz to 300 MHz tbf ^WwhstrearHi^nd &75*<hz ta^S.TSMHk* 1 
for upstream, transitiissfons on 30T> MHz syit#nW. These are referred to as sbbtftfit system^. 
Most institutional cable systen%, ^welfaS' ptivafe tAON's, 'at* rrrfdsp//f systems*, thifee 
allocate the same number of channels to both upstream and downstream transmission; for 
example, 5.75 Mhz to 108 Mhz for upstream (reverse), and 1&S| Mhz Jo 3flp Mhz for 
downstream, transmission on 300 Mhz systems. These frequency assignments are somewhat 
arbitrary, using over-the-air T.V. transmission frequency assignments so as to take advantage 
of widely available (and therefore inexpensive) amplifiers and related equipment. Some cable 
systems, referred to as dual cable, use two cables. The cables can be operated as two 
subsplit or midsplit systems, or one of each. A fourth option uses an, entire cable for 



^The amplifiers oh two-way ready systems hav* slots ' maW^WaSrtloW of upttriain arrtpBffer boards. This 
technique was prescribed by the FCC in the mid-seventies for all large cable systems. It was an attempt to minimize 
1ns cost of Whirs reirdfotifa.wtfke 3 rs^izN^Wat w twO-wa* Ailkgf BB^yinlbW C*;!ssciyh*t.2.2 

^See Section 2.3 for other practical limitations to two-way transmission. 

^CHaHriefeTl-f* using standard cabte nomenclature 
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downstream, and operates the second cable as either midsplit, or subsplit, or entirely 
upstream 22 . 

The data transmission rate achieved on each channel is determined by the number of bits per 
hertz (bits/hz) 23 transmitted. This in turn is affected by the noise limitations (see Section 2.3), 
and the sophistication (and cost) of the modem. The data fate experienced by each user is 
also determined by the access scheme used (see Section^), as well as the geographical 
coverage. Existing cable based data comnujniGatioo rwtworks achieve aggregate data rates 
up to 5 Mbps over each 6 Mhz channel (0.833 bte/ru), depending? upon the access scheme 
and geographical coverage 24 - Aggregate data rates achievable over the fuH spectrum of a 
midsplit cable system range upwards of 300 (300 Mbps is an arbitrary example of Ihe data rate 
achieved assuming 0J5 Mbps per 6 Mhz channel). In comparison, Multipoint Distribution 
Systems (MDS), which use microwave transmission facilities, offer aimo&J one or two 6 Mhz 
channels due to limited over-the-air spectrum, availability; and unmodified, telephone 
company, local loop facilities (twisted wire pairs) offer up to43 Kbps. 

Two-way bridge amplifiers are used to amplify signals onto, and off of. segments of the cable 
plant which branch off of the central trunk. In^metwo-wa^^yjtems.the bridge amplifiers are 
equipped with added electron's which a/lpw Ibem^ be add/essedr-a^swittfied onand off 
via signals from the headend- In more sophisticated twe^ way systems, bridges, might be 
equipped to perform diagnostic checks on me netvv^rk aawe4, 

2.1 .2.3 Interface units 

The interface unit for a two-way system must convert signals from the terminal into a form that 
can be transmitted over the designated cable channel, and received by the headend. The 
function and complexity of the interface unit depends upon the type of terminal and access 
scheme used, the interface unit consists of two parts, one is thie rf modem, and the other is 
the control logic (both digital hardware and software) 



22 
Wang uses a dual cable far its Wangnet and claims to achieve three tiroes the.bandwidth at 20% additional cost. 

23 ■>■■ ■■-'• ■ -. .--■ ■-■■'-' ■:<> •• ■'■ '" :--- ; - •'. ■..:■;;■,.■■■ 

Bits per hertz is the inverse of the efficiency rating^ c* te/$yB#§/^ In this 

instance and will be used throughout the report. 

Cox Cable's Indax system runs at 28 Kbps over 125 Khz subchannels (.223 bits/hz). Wang's broadband system 
runs over shorter distances at speeds up to 12 Mbps over an 1f,l^chagng (04»7 bte/biju yegermannBass runs 
at 5 Mbps per 6 Mhz channel (0.833 bits/hz), over distances up to 10 mites. 
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Radio frequency modulator-demodulators (rf -modems) convert digital signals from digital 
devices into analog Agnate which can be carried by the cable Network much like vkteo 
signals, ftf-rrtticlem techrw^^ rtfbre recently 

for communications in business environments; however, it remains a relatively costly 
technology for residential use. Rf-modem costs range upwards of $400. this high cost is 
partially due to the limited quantities currently manufactured. In addition, the analog 
complexity of radio frequency components makes Large Scale Integration (LSI) difficult; 
therefore, the costs are not expected to decrease as rapidly as many digital components. 

Iri*a telephone system every customer has Its own^fedteated wlr%°pa1r; on a cable television 
network nodes share a common trunk Which passe* in^W&ktii&fB; An acCess^ctietne or 
protocol controls how the cable capacity is shared. Each unit must also be given an unique 
digital address to identify it for reception of downstream signals. Thus, in addition to the rf- 
modem a two-way interface unit contains control logic which implements the communication 
protocol. The interface unit design and cost is largely determined by the access scheme used 
on the network. Finally, the interface may implement additional capabilities such as anti- 
jamming techniques, encryption, or other enhanced features. 



2i2 Access schemes and communication protocols for two- 
way data communications ■ 

A number of alternative protocols for data communications over broadband cable have beep 
implemented. Each of the protocols has a system structure and user environment for which it 
is most appropriate. Residential and institutional networks may require different schemes, 
based on the differences in their applications. Eventually, agreed-upon standards wHI be 
needed to support Interconnection of networks with dissimilar higher level protocols. 



2.2.1 Description of access schemes 



2.2.1.1 Polling 

The most common access scheme currently used for two-way communications on cable 
systems is polling. The headend continually cycles through the system, addressing a 
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message to each interface unit to see if it has data to send. It can take as long as 6 seconds 
to poll every user in a large system, on the order of IQCQOQ subscriber^ 5 . Unique digital 
addresses are hard-wired or programmed into each of the subscriber interface unite. 

The performance of a polling scheme is characterized by the response time realized by the 
subscriber and the amount of data sent per response. Some polling schemes allow the polled 
device to reply to the headend only with one of a set of predefined responses; others allow 
more flexibility in the allowed length of the response. Polling is most often used for pay-per- 
view billing, as well as for security and energy monitoring applications. Polling methods are 
appropriate for transaction services and other data c^roniunicajlions services only when 
traffic is very light, and when response time is not critical. 

A modified version of polling uses intelligent bridger-switches. The headend polls one branch 
of the network at a time by addressing the appropriate intelligent bridge amplifier and allowing 
all nodes on that branch to simultaneously transmit (using separate, preassigned frequencies) 
their upstream signals onto the entire upstream portion of the trunk cable. Since only one 
branch is allowed to transmit at a time, the entire upstream channel spectrum can be used by 
the nodes on a single branch. This method achieves higher data rates than most simple 
polling schemes but may still suffer from long response times due to the polling cycle. 

Binary potting is used to decrease the delay which results fr©r»Heng pbKtng cycles. The 
headend sends out polling messages to all points on the network. If the headend receives a 
response it locates the responding device (or one of them) using a binary search technique. 
The headend turns off half of the network branches and polls the other half. If there is no 
response, the originally responding device is known to be on the other half of the tree. The 
network is configured as a long branching tree and this divide-in-half process continues until 
the headend has isolated one responding node on the network. The customer is serviced and 
the process begins again. This method is only effective in reducing delay if there are few 
simultaneous users with messages to send, e.g., security monitoring. 



25 
The Minneapolis cable system being built by Rogers Cablesystems Engineering of Canada, specifies a 6 second 

polling cycle. 
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2.2.1.2 FDM 

Frequency Division Multiplexing (FDM) can be used to divide each bf trie SMhz channels into 
smaller subchannetefor dedicated use by subscribers* th^irlJ^TWteVfa^ urrtt is a standard 
rf- modem tuned to dedicated frequencies, one for Wflsmitting aty*ofrdTbr recerVmg. TfM 
receiving frequency serves as the dirtifs digital address. Trie datirTate is a function of tn6 
channel bandv^fo arid me numberbf^ 

Switched FDM schemes resemble the current archftactera of the telephone system* Each 
user is assigned a dedicated aubcbanneli Ttile frequency ass^nmaatiaefvesaatrje uaerfa 
address. The headend reads addressing informatkMVvon uptiieam ccwwnunications and 
routes the information to the proper dovwrtream eubchanriei, periorrnwg th« appropriale 
frequency transtatlen. Tbte access method is a ppr o pr ia te for syaleew with a timtted number ot 
users whose cortimunteatione are relatively untforw* owi^e^fhefraimberef user* who can 
be served by such a scheme is limited to the number of available subchannels, whtctein torn is 
limited by the minimum acceptable bandwidth of a subchannel. This is far fewer than the 
number of residential subscribers on even a small two-way system (3^500, or more), but Is 
possibly adequate for an institutional system. 

Dynamic assignment FDM makes use of frequency agile modems wWch allow users to 
transmit vfa one of a est bf frequency subchannels; »»^^ar^olaf twquericy used Is 
determined by the user or by a central ^oittwMlet^fie^ the N«li(»kft The «e«ial compiler 
dynamically assigns the caHing and ca#edwode8 w*e*W tiM^ tor^ttoretirtoimk 
(KmmiurtteattensT poWng can be used tdtdehtity flwnede thai wtehe*to set up a connection. 
While atowmfr service to many more «sers; ihitsrtetfcwriftetlH less s»Hed* to b««ty traffic 
types sucn as computer cerrtrmjnicatiohs whtehf Is Obaracterized by short, hfgb totensily, 
intermittent communications. fJsihg^DM atone ad the^wafesdeotierae^iTWhen awshannet* 
assigned to e?devtee, even if dynamically ass ig n ed, it win lay id*e durmg those times whew the 
device has no data to transmit, -< c w-t i.v. 



^Manhattan Cable Televiaion (MCTV) in New York city uses this approach. MCTV has operated a data 
transmission service between uptown and downtown Manhattan since 1875. The service is primarily used by 
banking and other financial institutions with branches in both locations. 

^Note that all cable television uses FDM to divide the 300 or 400 Mhz of bandwidth on the cable. 
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2.2.1.3 TDM 

Time division multiplexing (TOM) allows multiple devices to share a single FDM channel or 
subchannel by assigningeach user a fixed time slot during wt^ich it sends, its data. A user's 
address is his time slot. A form of TDM called Time Division Multiple Access (TDM A) allows, 
many devices along a cable to share a TDM channel; devices insert data into their slot at 
multiple points along the cable, There are a number of metoods tor controlling allocation of 
the time slots using a TDMA scheme. Demand Assigned-Time Division Multiple Access (DA- 
TDMA) is a more sophisticated TOMA scheme which allows dynamic allocation of time slots 
on a transmission channel. This technique was developed for satellite communications, and 
is generally applicable to bigfe bandwidth mifflfao^ aBenttnuntdattons network*. DA-TDMA 
uses intelligent microprocessor controlled interiace units, as we* as afaMy powerful 
minicomputer at the headend, to allocate time stats on an as needed basis. DA-TDMA is 
appropriate for too* high and tow speed users, parttautarty users with high volume 
requirements. 

2.2.1 .4 Contention schemes 

Contention Schemes are another form of TDMA. Aloha [1], Carrier Sense Multiple Access 
(CSMA), and CSMA witb Collision Detect (CSMAtGDJ Ml] are aM candidaies, tor use on 
residential cable systems. Contention schemes a«ow all users to share a single channel, or 
muWpie subchannels canbe Weroonnecrted?ua^;a}bfid§ilng devjoe. For example, using 
CSMA^ when a device has data to send, the interface unit broadcasts packets of intormation 
onto the channel. If me unit does not receive an t^nmiilw^Mm^l^^.P^^^^^^ 
received intact #.e it *a coWsion occurrjed when twQipr nttom units attempted to use the channel 
simultaneously, resuMiog in destroyed packets),, H retoanemHs the? .pac¥ete. Tihe mom 
sophisticated schemes allow tne dejvjoes to detect other traffic on the channel before or 
during broadcasting, thereby reducing the probably of ceUwon. For example, usiag CSMA- 
CD, if more than one device broadcasts at any one point in time, thereis aee^ejc^aod both 
devices backoff and try again after some short but random period of time. Every device scans 
the address destination attached to each packet on the channel but reads only the contents 
of those packets that are addressed to it. Contention systems present a tradeoff among data 
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rate, geographical coverage, and minimum packet site*. Although LACN contention 
systems operate at speeds as high as 5 Mbps per 6 Mhz channel , peak data rates for a 
residential cable are probably limited to 1 or 2 Mbps ^er 6 Mhz channel (Q. 166 to Q.332 
bits/hz), due to wider geographical coverage and lower guaranteed signal to noise ratios 30 . 

Contention schemes achieve complete connectivity through distributed control. In contrast 
to DATDMA, contention systems require no added complexity at the headend beyond signal 
conditioning; the switching function is inherent to the way in which the channel is shared, 
this reduced complexity and distributed control is very attractive for the diverse community of 
users that is to be served in the residential and small business market. Contention systems 
are appropriate for multipoint communications between bursty users at medium and high 
speeds, and short to moderate length messages. 

Token passing is a distributed polling method. The IEEE LACN standards committee 31 

describes the token access method as follows [32]: 

A token controls the right of access to the physical medium;, the 

node which holds (possesses) the token has momentary control over the 

medium. 

The token is passed by nodes residing on the medium; it is passed from 
node to node in a logical ring fashion. 

Steady state operation consists of a data transfer phase and a token 1 
transfer phase. The two phases may be combined, in which case the 
token is transferred in cttojut^^ 

Monitoring functions within the active nodes provide a basis for 
initialization, recovery, and general housekeeping of the logical 



2ft * 

Estrin, D., Some Technical Considerations In Using a 400-MHz CATV System tor Data, Working Paper, 

Laboratory for Computer Science, M.I.T., May 1981 . 

29 
Ungermann-Bass Inc. [63], Net/One Broadband; Wangnet achieves 12 Mbps over 18 Mhz, or 4 Mbps per 8 Mhz. 

30 
Dickenson [21] suggests that well-mainlained systems should experience signal to noise ratiea of ,40 dB or 

greater. Which is more than adequate for high pertoVmance. But them ale lib statistics currently available as to the 

number, or percentage, p* tesio^tutlcetolaaysfrmBttatfft ^ 

is exposed to a harsher, and less controllable, environment than a building-wide LACN is, making K difficult to 

guarantee performance. . -.--V- ' ' ir * 

31 

Institute of Electrical and Electronics Engineers, Project 802, is attempting to set standards for local area 

network communication protocols. Standards have been established for both contention and token access 

methods [32]. 
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ring. The monitoring functions may be replicated among nodes of the 
network, but only a few nodes at a time carry the primary recovery 
responsibility. 

As on the contention channel, packet headers are scanned by all interface units on the 

channel but are selected by only that unit to which they are addressed. In contrast to the 

contention method described above, this method does not present the speed, distance, 

packet length trade-off. It therefore can be used to achieve higher speeds over longer 

distances. In addition, the performance of a token passing channel does not degrade under 

heavy loading as severely as does a contention channel. On the other hand, if the channel is 

lightly loaded, longer delays will be incurred with higher probability; this could be aggravated 

by extended geographical length of the channel and poses an upper bound to the 

geographical coverage [54]. A central monitor station is ordinarily used to ensure the 

integrity of the token, i.e., that it does not get lost or duplicated. This monitor could be located 

at the headend 32 . 



2.2.2 Performance characteristics of access schemes 

The choice of access scheme presents a tradeoff among throughput, connectivity, 
availability, and cosf. 



2.2.2.1 Throughput 

The throughput is the data rate experienced by an individual user. It is i only a portion of the 
aggregate data rate offered on the channel. Polling typically offers the lowest throughput to 
the user. Some implementations of bridger-switch polling allow a single branch to make use 
of the entire upstream channel capacity at a time. Although this increases the peak data rate 
accommodated, the polling-cycle delays effectively reduce the throughput experienced by the 
subscriber. 

The throughput experienced on a dedicated FDM channel is equal to the data rate of the 
modem used. Higher data rates require more dedicated bandwidth, limiting the number of 
users who can be served in a given frequency aHocatfen. Sending fewer bits per hertz results 
in cheaper modems but the inefficient use of bandwidth limits the amount of traffic that^an be 
accommodated. 



32 
Phase-locked regenerators would be used along the channel to ensure proper transmission of the token. 
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The throughput experienced by a single device on ail varieties of^TDMA channels Is 
detemaneddby the number of devices served on the channel, i.«„ Ihetesd tectur, since the 
channel rate ia usually equaKy divided among att nodes, The throughput is also determined 
by the channel bandvrfdthailec^tiQ^ 

2.2.2,2 Connectivity 

Connectivity is the ability to communicate with every other po*n,t on the network. Thi* 
requires that each, jojnt have * djg^ address and that ciwrnunications can be transported 
from each ppintto every other point on the network* i,e K {^ujeHaddresajng and switched 
services. . . ■ ■:■<., =-•.■■. 

Polling is not well suited to multipoint-to-multipoint communications, because the task of 
collecting and forwarding messages, is cumbersome. PoHing is best applied in systems 
where multiple distributed devices need to communicate with a single central device which 
executes the polling and processes the messages (See Section 3.2.2.2). 

FDM channel services can resemble point to poirit dedtcated telephone lines which only 
achieve connectivity between a pair of points, or multidrop lines wmen allow a transmitting 
device to communicate with multiple listening devices. Switching can be implemented at the 
headend in much the same way as the telephonejeoeapeny le achieve complete connectivity. 

The facilities it the headend 61 ''the DA-TDMA system, i.e., a computer and the appropriate 
software, typically implement switching as well as aflo<»tbn of %meslcHs. Although switching 



is not inherent to DA-TDMA, It can be assurnid ^such's^WW can achieve complete 

connectivity. 

. ' -'i , j -. .'■ :''t . •' ■'.■-!'■.-■.. ■■ 

Contention access schema protocols achieve complete co«*n»ctlv«y among all nodes on « 
channel Muttipte «oitfentton charms* using cWetaem fr e ^en cy bands require additional 
facilities lor complete connectivity across tiweystem. A bridge* * device used to connect 
c^erwtse in depend en t channels on a rietwc+ic by tranaiating spec Wiy addressed packets 
from the one channel to the < 



^This type of bridge is distinct from the bridging amplifier described earlier which translates electrical signals 
f rom the ca»%*unk onto a branch ol the cabto system. 
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2.2.2.3 System availability 

The availability of a system is largely dependent on trw complexity of the control and interface 
equipment. The more complex the equipment, the mor# «m«ed «« replacement parts, the 
more difficult are organizational and technical procedures for operation and maintenance, 
and the more frequent and lengthy is the average downtime. 

Protective measures from both intentional and unintentional interruption of the 
communication channel are required to assure system avaitabiKty. this susceptibiHty of the 
network to jamming is parttaMy a function of the access protocol used. PofhMo-peint, 
dedicated FDM lines are less susceptible to accidental disruption by users because there is 
only one designated user per channel; the user's equipment, even if it jams, is likely todtsrupt 
no more than the single channel to which it is assigned. DA-TDMA, and contention schemes 
allow multiple users access to a common channel, thereby increasing the likelihood with 
which a malfunctioning interface unit can disrupt service to others. In both cases, where 
system availability is valued, monitoring and detection schemes should be implemented at the 
headend, in the interface units, or at designated points in the cable network, to assure that 
jamming devices can be isolated from the ne^ork either by turning them off or by turning off 
that branch of the network, 

2.2.2.4 Relative costs of access schemes 

The communications costs associated with each of these access schemes is divided between 
the central control equipment at the headend and the interface units 34 - The choice between 
centrally controlled or distributed communication schemes presents a variety of trade-offs. 
The majority of the centrally controlled communications cost is in the headend equipment. In 
a distributed system, the interface units are more complex (and therefore more expensive), 
while the cost of central control equipment is lower. The choice largely rests on the number 
of devices using the system. When me number of devices served becomes large, it generally 
becomes less expensive to use- a system whose incremer^, distributed, costs are low 35 . A 
second fundamental tradeoff is that of cost and function. Not orrty does fte equipment cost 
rise with added complexity, but the maintenance costs rise a 



34 
Actual equipment cost figures are discussed in Section 3.3 

35 
This is not true if the cost of the central control equipment increases significantly with the number of devices 

served. 
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The interface unit is comprised of an rf-modem and digital logic which implements the 
communication protocols. The cost of the, rf-mpdem is a function pf the frequency bandwidth 
over which it transmits and the number of bits per hertz transmitted; The cost of the digital 
logic is a function of the complexity of the communications protocol used. 

Of all the centralized communication schemes polling is the simplest and therefore requires 
the least expensive central control and interface ecjulp%enfc ^Cehtratfzed equipment is 
typically an inexpensive minicomputer with appropriate software. The rkrapdems used in 
these low speed devices are relatively inexpensive, as is the digital logic. 

FDM interface units require only minimal control logic. Their cost is primarily a function of 
their transmission speed. As rf-modems are manufactured in larger quantities, the cost of 
FDM units will drop significantly. Only frequency translation is necessary at the headend for 
point-to-point FDM communications, while the equivalent of a telephone switch is required for 
switched FDM services. 

TDM units with fixed time slot allocations also require centrally controlled switching but pnly a 
modest amount of control logic in the interface unit. 

DA-TDMA requires sophisticated logic in me interface unit, as well as sophisticated controt at 
the headend for time slot allocation. Contention schemes require sophisticated logic in the 
interface units but no centra) control beyondlrequertcy translation and signal conditioning 88 . 
The relative economics of contention ajid DA-TDMA eyster«*olequat«peeds depends largely 
on the number of users served and their traffic volume. 



2.3 Cable system limitations 

Privately constructed and operated industrial and campus broadband networks, LACN's, can 
come close to realizing many of the favorable communications features described above; the 
same cannot be said about existing cable networks. The problems are both of technical and 
institutional origin. The following constraints wffl'haittpgf implementation of economical, high 
speed data networks over cable television systems: 



Network management functions for a contention system may be implemented in a centralized headend facility, 
but unlike many other access schemes, such a facility is not necessary to basic system operation. 
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Technical 

* ingress and insertfon noise due to poor construction and maintenance of 
cabie systems. 

* Reliability and security problems due to the difficulty of locating the fault or 
source of interference on the network. 

* Compatibility with video transmission.* 

Organizational 

* Lack of common cable network specifications and communications 
protocols which preclude the use of standard approaches or equipment, 
tbereforewt providing' ecbn^*i^itf^ 

* Large investment necessary to retrofit; existing system amplifiers and 
headends to accommodate two-way switched services^ 

* Large investment necessary to wire cities and buildings. 



2.3.1 Noise and corrective measures 

Two types of noise problems on two-way cable systems are insertion noise on the upstream 

channel and ingress noise into "ieakM^cabia cabte systems, ttoiMte important beeause it 

limits the data carrying capacity of a cable network. Noise ent«t» the system at many points 

along the cable plant, in Figure 2^3, tweJveinoiee^aoifl*^^ 

headend, headend, locaJ origination studio> the t«whiiart^3<tejg«8l^ameter€able^«hieWing 

provides high noise immunity), leakaf» at theAPtt^iM^lie^^ 

amplifier, the feeder cable (narrower, and therefore lower noise immunity than trunk cable), 

leakage at the tap, the drop cable (narrowest, snd lowest noise immunity cable), the interface 

unit, and the communicating device (computer o* t ^yi8joe;se|)Mle8ka^ 

amplifier. 

2.3.1.1 Insertion noise 

The noise on the upstream channel iq the vicinity of the headend is the sum of ail the noise 

"inserted" by all the units which tap ontojbajchaa^ v a^ 

amplifier between the farthest subscriber and the headend. Thus the longer the distance 

between the subscribers and the headend, the greater jhe,noJfewjeJa|;ve totbe sjgnal. 
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Figure 2-4: Sources of signal noise and interference (Cab/e Television; 
Franchising Considerations 1 "*) 



1 . Antenna at headend. 

2. Headend. 

3. Local origination studio. 

4. Trunk cable. 

5. trunk amplifier. 

6. Bridging arnpfif ier. 

7. Feeder cable. 

8. Tap. 

9. Drop cable. 

10. Interface unit. 

1 1 . Communicating device. 

1 2. Line-extender amplifier. 
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Existing 300 Mhz residential systems are typically configured to minimize the total number of 
amplifiers needed, as opposed to the length of the maximum branch, or amplifier cascade. 
This design typically results in some long, noisy upstream channels. The majority of two-way 
active and two-way ready systems are tree configurations, and many continue to be built in 
this fashion. 400 Mhz systems do not suffer as much from insertion noise b$£ftuse, due to the 
inferior distortion characteristfcjB of 400 Mh* amplifiers, they are designed to minimize branch 
length, i.e., configured Iq a hub fashion (see Section 2.1 .1 .2). 

Feeder cable has poorer noise immunity characteristics than does distribution or trunk cable. 
Significant amounts of noise thereby enters the system through tfce links between the 
interface units and the distribution cable. Commercial users can usually afford to use higher 
quality feeder cable to run from the network trunk to the building; therefore, insertion noise 
can be counteracted, for a price, on institutional networks. 

2.3.1.2 Ingresi 

Loose connections, for example at a subscriber tap, can allow the ingress of outside signals 
or noise. This leakiness Is first of all due to poor n^nWrca^design and engineering of the 
cable plant. Even if a system is carefully installed, the connectors need to be tightened 
regularly or significant leakage will develop. Connectors typically begin to leak six morvths 
after installation due to the effects of temperature variations on coeopoeent materiala. It is 
difficult to engineer around a leaky system, on anything other than a case-by-case basis, 
because the noise which results is not randomly distributed; therefore, ooffwpnly used 
engineering techniques cannot be brought to bear. C-B and Ham radios neaf a teaky catile 
system can cause complete disruption of communications in the lower part of |he cable 
spectrum 38 [4]. In extreme cases, intermodulation into other video bands can accural 

A related problem is interference of data signals with television signals on the cable. Noise 
levels as low as 60 dB below the television carrier can cause television interference . 
Although the power levels of the television and data signals must be carefully balanced, 



38 This lower portion of the frequency spectrum is typically designated for data transmission on subspHt systems 

Intermodulation results in signals generated at frequencies equal to the sums and differences of the signals $at 
are interfering with one another. 
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experience has shown the problem of cross<:bann#ihterferenc6 tob%<^fr©Habte. Systems 
are tyoicsafly designed to transmit data at power levels approximately 18 tlB Below the lever of 
the TV signals. Problems of cross channel interference are HRIty to be^sorrtewhat more 
significant on older residential systems than on newly installed residential or institutional 
systems because of inferior construction and components. In particular, amplifiers tended to 
be designed to weaker specifications than they are todiy because the electronic components 
were more costly. In addition, the older systems with smaller channel capacity performed 
quite well with less demanding practices of construction and maintenance. 

It is possible that channels that are unusable for video transmission can be used for data 
transmission. In particular, channels 14; fS, 1 t€F,' f Shd 41 carirtol i b*«ied for video because of 
interference to aircraft communications; data signal* ^t*i##i*dpe^ 
such interference. Similarly, each community eaW* ^msM c U unable Ifc* transmit m ^ the 
frequencies used by local television broadcasters because of mtei1ertrr*e*om the oveT*tWe- 
air signals; data signals may be more immune toibte mterfdrenee^kh are vlde*b signals. 

2.3.1 .3 Corrective measures 

Some of the noise problems - both insertion and ingress -• can be alleviated through careful 
engineering and network design. In addition, the noise level can be contained via an 
aggressive maintenance schedule, for example, tightening loose connectors to alleviate the 
ingress problem. On the other hand, tightening connectors is a labor-intensive operation and 
it alone does not assure acceptable ingress levete. 

Bridger switching was described previously in connection with a polling access scheme. 
Bridger switches were originally intended to limit upstream traffic to one branch at a time so 
as to limit the insertion noise that accumulates on the multiple branches of- tree structured 
systems. Intelligent bridger-switches with microprocessor control can act as subsystem 
controllers. These controllers can perform services otherwise performed by the headend, and 
can reduce the cost of individual interface units, through added functions. 40 . 

Using bridger-switching in this way significantly constrains the type of communication access 



^Control-corn Core, refers to the Intelligent bridger •wtte*wa*B ; *»a microprocessors. Itiey are used for fault 
detection, jamming detection, traffic monitoring, and security subsystem management. 
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scheme which can be implemented. In partWular^4»,lnoomofttiW9 wH^COO^ention protocols 
which require the channel to reroaia open. In fact, bitiager switching is only attractive for use 
wttbfjoiiing access soheiaea. 

An alternative to bridger switching for reduction of noise is the use of digital regenerators on 

. '■ -.• ■■•.;• '. •);!;;!'<?■.■, <■ '..: '■■'■'■■:■■■, -) - f - -■■■•'■■-;,"■■!.,.■ ^:i-.; '•.-'•,.T.jir !o. ■■■:■': u>t :'-:■" •■■; xj3ili,:.:. .:, <;~it;;-:- ■••;-, 

the upstream channel. Unlike analog repeaters (amplifiers) which amplify both signal and 
noise, regenerators extract the data signal snd regenerate it without the noise component. 

Regenerators can only be used on a channel that is transmitting digital data in analog, form, as 

'O ■ -;\ -■'■ :: oi<v .-. )„;:;ir. J '>:-0 lo r::\«*o<;^q r»f«nm;,r;jur says n>.~ 1 --. .v o-. ,-; 

opposed to analog signals such as voice of video that have not been digitized. Not all 
amplifiers aj> the upstream channel would need to ^ reeU^ejfi by reg^iwatctns; the number 
can be adjMSted depending VPm, system mm le^relsrandfthefigesire^.SWIB. Rftrol^ng a 
cable system to use digHa* f#g#n9rato*s v^ouW inv«M pufiiftfl o« t»d*is»re# m*#9*m 
frequencies, bypassing the upe*»#p. an^if i^ and ee^mg the aetected signals, through a 
demodulator a i*ge*ia*aiBf, ■ .a ^medujajor, ancfcsbjn©^^ the ^toitf point of the bypassed 
upstreaa* ajppHfiecy seerf3gMr*^4»vT?bs ^ 
regenerators extensively, which has brought down their cost to approximately $70 each. 



(aswrtnmliau) 
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Hub systems have shorter amplifier cascades, resttltin# Ifc less Insertion noise on upstream 
channels. All future systems, both residential and institutional, should be designed in a hub 
fashion to reduce upstream noise and to limit the need for additional components swen as the 
digital regenerator described above 41 . 

To avoid interference on leaky systems from C-B and Ham radios, channels coinciding with 
these bands can be avoided. A related alternative is to allow communications circuits to 
switch from one channel to another if the channel in use becomes unacceptably noisy. This 
would require frequency agile modems and an additional level of complexity and control 
capability at the headend. 

Another approach is to use a low bit per hertz ratio which allows for increased signal energy 
relative to the noise. This option is constrained by the available bandwidth. While bandwidth 
may be plentiful now, it is likely to be an increasingly scarce resource in the future. Finally, 
more sophisticated - and expensive •• modems can be used which allow correct signal 
reception even in the presence of noise. 

Some compensation for the high noise level can be achieved through the design of the 
communication equipment and protocols. Most packet schemes are designed with the 
expectation that some packets will be lost or damaged and therefore they provide for sensing 
and retransmission mechanisms 42 . 



2.3.2 Reliability 

2.3.2.1 System reliability 

The reliability of a communication network is a measure of the availability and quality of 
service, it depends tipon tf^fo«owingiietwot» dWa< ^e rt8tte s : 

■ Noise immunity of the transmission medium. 



41 The distortion characteristics of high bandwidth amplifiers mandate Knitted cascade lengths, therefore all 400 
Mhz systems are designed in a hub fashion. 

42 lt is Important that whatever schem»is chosen should degrade graoetaHy undereondHtorts of Mgh pacseMirror 
and retransmission rate. ~ 
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• Mean time between failure (MTBF) of system components. 

-Sensitivity of network operation to the failure of single components of the 
network. 

- Susceptibility of the network to jamming. 

Broadband coaxial cable (see Section 2.1.1.2) has a higher noise immunity than does either 
baseband coaxial cable or twisted pair. This higher immunity results in specified bit error 
rates (BER) of 10 s to 10' 104i . Bit error rate is also proportional to the data rate used, 
therefore lower speed transmission can be used to overcome noisy systems. Most cable 
video channels operate at a signal-to-noise ratio (SNR) of 40 dB. 

Cable television is a mature technology; individual components tend to be highly reliable. 
Measured MTBFs for amplifiers are as high as 50 years. Manufacturers guaranteed MTBFs 
are as high as 20 years [66]. However, failures are not distributed evenly over time. Also, the 
additive probability of failure of a long cascade of amplifiers is not necessarily negligible. 

The headend equipment used in simple FDM or polling data networks is relatively 
standardized and reliable. Headends that implement complex addressing functions use fairly 
sophisticated minicomputers. The computers used are not particularly new or risky, but their 
lifetime, let alone their MTBF, is significantly less than 15 years; in fact MTBF for most 
computer equipment is measured in days. The reliability of the interface technologies varies. 
In general, those that have been used most extensively in the field, polling and FDM, are most 
reliable. They have been well tested and are the least complex. 

The most significant reliability problems of technical origin, are: 

- The isolation of faults. 

- The susceptibility of the network to maHeiou»beh««or, hm deHberate jamming. 

Among the primary faults that can occur in the cable plant are conductive shorts, open 
circuits, and amplifier failures. In the case of conductive shorts, signal tracing techniques are 
ineffective, and reflectometer processes are not employable because of the amplifiers [66]. 



^Modern manufacturers claim Inst less than 3%** aH cable system aetaaJh; experience BER's better than 10 
due to degraded signal to noise ratios which result from insertion noise. 
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Fuses may be placed throughout the dable system to improve reliability, as suggested by D.G. 
WiHard of Mitre Corp. fee]. 

Mean time to rapair (MTTR) is as important a measure as MTBF, Isolation techniques must be 
engineered, at the in^ece^^^^ service 

availability despite component failures. waited discusses "pii^ 

powerful means of identifying and isolating component failures. The use of parallel redundant 
amplifiers limits the effect of a single amplifier loss to only 6 db. By turning various bridges on 
and off, one can then isolate which amplifier has the reduced gain. For industrial users, who 
demand high availably? celifralfy cdhtrdlfetf fault tesfihg may be extended to the customer 
interface unit as weft. ■■''"•' -' : ' '"'" ; '" 

Headend failure brings.aH communications to a halt; Theref©** it ie vital to have. reeUient, 
replaceable, and- probably redundant headend equipment altboughi this conflicts with the 
desire for nwreej>phj^ieiajBAhe^end€ ai Wb tf^e s. Aggresa*vo;maintenance and protection 
of the headend ia also importaafe Gontentiai ao**ee*.sy6ts*iie,t<wbieh require the least 
complex headend, can be expected to be more reliable than polling or DA-TDMA schemes. 

The cable network is vulnerable to a variety of maticioua behaviors which Interrupt service to 
network users and are tangely unprevei^able via tec^iGai meaner This is part of a general 
class of problem* called dwiai of service, which is experienced in most computer systems, 
and satellite communic^ion systems as weU. I* is aatmpto matter to alter an interface unit so 
that it *end6 a jamrr^g signal on the network thecetey denyjfig aenHceto aK users on that 
channel Fault isolation techniquais can aid in 4he isolation of tampered interface units, 
thereby limiting the number of usere that is aftscteet by the jammer, ma hub design) the 
headend can determine which of the networks radial trunk* the offending unit is using. In a 
tree design, addressable bridger switches can be used to locate the branch of the offending 
unit: EvehtuaHy, alf active cbmpbnertts, l.e?, ffrWaWpfm^ f ^t!kJrit WaddreaSSble so that the 
smartest portfon of me netwbtfcls disrupted. One eStampfelifm^p^oWem, fs the Jamming of 
ah alarm security channel by a burglar who subsequeVrtiyr bungles a heiglfDOiltood, or city 
block, while theatartri setvkfc^p^albr iaftryfrig % focHf lie ptofctem. ff the offending unit 
can be immediately isolated to within a block, the alarm system can remain effective; but if it 
can only be isolated within a neighborhood, i.e., one radial spoke of a hub network, the alarm 
system is worse than ineffective because of the false sense of security. 
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it may also be desirable to locate the interface unite iSifar from the user as is possible, 
perhaps outside of the users' premises. The mere distance would inhibit malictoua actions. 
Currently, interface units are powered from building power supplies, and not from the cable 
cable television facilities; thus a power feed would 5 have Id be run to 1 the interface unit as well 
as a communication cable. Sophisticated networking t^cHHfcjues^make use of frequency 
agile modems to provide alternate rbotihg capabfffites to avoid janmiad of ridiay channels. 

2.3.2.2 Security and privacy 

From the end-users' viewpoint the resporoib^ network is not just 

transmission of data, but communication of messages and information secure from invasion 

of privacy. For this reason, network security is often considered as a factor in system 

reliability. Issues of message content security *rv wot? *&*&**#? different on broadcast 

cable networks than they are on the tradtticmal'letepfte^ 

both cases will be end-to-end encryption. Ne*et*lieleBS,*f«^iWl^^ 

easier on a broadcast network, where aH the vaffk: passes by every customer. 

Susceptibility of the network to traffic analysis, is higher on broadcast packet networks than it 
is on the star-configured telephone netwc^|3G]. ©a«*eh^ 

that every unit on the network Insfjert every*|»ck^heirteitrwrt te««r»mi^ on the channel 
so that each unit can detect when a packet is addressed to ft- ThweoTftr^scheme tends itself 
to monitoring of afl traffic on the channel; Encryption Sdhsmes HaWfr no* yet beem developed 
which can prevent traffic analysis en broadcast {cable) clw^nefs; ^frfjpariteular, thtefjrobtem 
can not be addressed on an end-user basis, as c&#vrm&m& message content through 
encryption. But, most users do not tear traffWe analysis*** #»e erte«tt<triaf siicr* viilrterablfttteS 
would deter them from using the system. /t - n^ - 

In practice, security measures are likely tp be te# entirety Jo Jjr^,user. This means that endrto- 
end encryption will be implemented, # not, by ma0i^J^^#u#^^ 
It also means that there will be no sejcjjrijy r^asures ^ on 

broadcast channels other than monttpring for foreign, <%w^^0t$WBty&. 
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2.3.2.3 Institutional roadblocks to system (^liability 

Reliability is only partially a technical problem. Therefore, it can only be partially addressed by 
technical solutions. The level-of service o^rftfmd^JHril^ess data communications users 
will not be met by the quality of service currently accepted by residential television viewers. 
Fundamentally, the cable industry is still an entertainment provider and is not yet prepared 
mentally, logistically, or technically to operate to data communication standards. In 
particular, downtime, technical training, arKJeoAii^ent maintenance wW heavily tax the level 
of expertise and competence common to most cable companies. 



2.4 Summary 

Two-way cable system hardware differs from oneway system hardware primarily in the level 
of complexity required at the headend, the type of amplifiers used in i the distribution plant, 
and the interface units used to transmit and receive signals. The communications protocol, 
also referred to as the access method, largely determines the quality and variety of services 
available; the selection of a protocol poses trade-offs between complexity, function, and cost. 
For simple applications (i.e., low speed, point-to-point or point-to-multipoint), minimal- 
function, low-cost methods such as polling and FDfjrf are best suited. For more demanding 
applications (i.e., moderate and high speed, any-to-any), contention protocols are better 
suited and are more economical because of the con^|e*ti^i«Td cosijentaHed in^irtiancAKJ 
the simpler methods. Mojtfexistmgeab^ systems areiimited^ 

services because of excessive upstream noise and tew refebUity. The primary source of these 
problems has been cost- minimizing engineering practices which did not adequately value 
two-way capability; most of the limitations can be overcome in newer systems. 

Having described the basic network components and higher level communication protocols, 
in the following chapter we will discuss the service structure options and costs associated 
with implementing data services on cable television networks. 
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Chapter Tti ree 

Cable Television 

as a 

Data Transmission Medium: Analysis 



In this chapter we analyze the relative merits of service structure options and their associated 
costs. The ability to communicate with multiple servers, i.e., not only the cable operator at the 
headend, is found to be essential for support of future services. We begin with a brief 
discussion of institutional impediments to the development of data services, the largest of 
which is the market uncertainty facing the Cable industry which inhibits investment In data 
communications facilities and expertise. 



3.1 Impediment? to Data Service Development 

Data communication services will not succeed tint* the subscriber market reaches a critical 
mass. On the other tend, targe numbers erf cable aytitems iMK havetb be upgraded to two- 
way active status before this critical *»aes develop* A "OftWKen and egg" syndrome 
develops, in wWchlhe cable operator does not wwtli(i*nve8t*»«*©-w«y ^cens%uetio» without 
assurance of a market, but the market cannot develop wrthoutsuch GOrtSfructton. An external 
force is needed to break the cycle of interdependence. Concerted "technology-push" efforts 

by equipment manufacturers, or demands of city cable authorities, might provide such a 

.-■','. i.e. ■•"•■■■■ v<?j^.-:'' .■ 
force. 

Another barrier to achieving the critical mass necessary is the high cost of wiring the city 
center. It is the area of highest data communication activity but also the most expensive area 
to wire. The high cost is due to the density of buildings and the lack of empty pole space. 
This forces the cable installer to tear up the streets in order to install underground cable. In 
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addition to the cost of wiring the city streets, #W9<i9rJ|f& cost of jfttatBhf &ui!djnfle ifi the 
downtown sectors. High speed data communications is not of much use to a corporate 
headquarters if the data stream musit trickle through' me narrow bandwidth of telephone lines 
once it reaches the building. Therefore, for full utilization, trie buildings must also be wired. 
Thus, effective corporate use of cable must await wider use of LAe*tete3*ese fKoMems are 
diminished injhe more re^nUy,#anchise4<^^ are 

included in the frandHtee contract . i n ; , <»v - gc. 

The availability of d&ta communications services ninges on trie installation of the proper cable 
plant. If cable operators, and their foiancros in^ito«fa)fts were co n fal tin t in the existence of a 
market and attractive revenues, the cable and other necessary facilities would be installed. 
One method for assuring the market is through joint ventures with interested high volume 
users such '"as" barfts arid affimeS. # aMibW tar^o^fthf a 1 ^stor bas^, 'these joint 
ventures could contribute to intelligent user-driven design of facilities and out-front financing. 

In addition to physically appropriate facilities, higher level communicatio#fJrbtbcols must be 
implemented and -slandj#diz«d^ ir^ develop. 

Terminal manufacturers, information providers, cable umaittoiv, 'awd* " users must all 
participate in this process for it to be truly affective; a difficult if not impossible task. 

Even if jomt ventures are *ot coordinated, ttOS«K«lytltftt many o**» majorities wiUDe^firad 
as part of residential cable franehtomg agreements. Increasing numbers of cttiesiare 
requiring #19 inettrttetion o* a*«rretittr*>r*l MAMtHHnnttMlr to tomtw mmmtbe&Mmfnm 
and cominerciaimto*tiae. So^^lnes*^^ fromttht 

residential network 44 Although local franchise agreements will insure that the institutional 
cable will be installed, if a^mark^fc^^ s^^mj^t/em^j 

unactivated. A final obstacle to development of the market, is that national service operators 

will be faced with providing service on multiple cable plants which vary significantly from one 

•.;-'. •>;.- ..-...■ -ii .'iO:>?-*n:, .> any ev><'- • .^;.^vr .i£,"toiJnrvnov'.> as-uhnrte ?^o.;H:oJru<frvi;o.: 

another in quality of transmission, and headend capability. This will place significant 

i>.;;-'--c : >n £■'"■••. ,••;•'■ :-K~>b *~m "^ .IseiiiniQfnj WiUs -.\,--. ^/-riioiru^r- ■.">■■: 

importance on media-transparent service system design, i.e., transaction services will have to 

operate over telephone, two-way cable, and hybrid networks. 
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3.2 Service Structure Options 

The service structure options for offering data communications via cable must be evaluated in 
terms of the two primary markets: 

• Residential Systems 

•Banking, transaction, and mformaHbn retrieval services, requiring 
communication between subscribers and commecciaiaefvars. t 

* Subscribertosubscriber communications for mail, messaging, and games. 

* Home-to-office ajmnwnica«or« for pi^^ 

- Institutional Systems 

* High speext cteta qpiipun^ 

users -- inter- corporate and intracorporate. 

* High speed data communication connections to long-haul packet network 
■- services. ■ ; ■■;*.■ ~. : 

* Sui)scriberto-sbbscrtBer communications "for maH; messaging, facsimile, 
and resource sharing. 

Each service structure implies a different set of requirements for the communication 
architecture of the cable system, the physical eagf neerina of the cabte network as well as the 
higher level protocols used. The archftecture determmes win) ©pi^^^communiceitons, 
who controls the *atebl»tw»n* of communication n&HHHtoitiimsm te»fi*iiwtiely«Wresaed, 
and how much communioaiion papacrty is a vailab le to dtffeBBntolasaee of user* 

3.2.1 Conventional Residential Systems -Headend td Subscriber 

Conventional cable networks which distribute video entertainment have simple and limited 
communications structures. Conventional systems share the common feature that all 
communications are either originated, or are addressed, to the headend. 

3.2.1 .1 One-way Systems 

In the simplest one-way systems, the headend transmits signals to all points on the network 
indiscriminately; Tiered services equip the mdiyldjual u£e r Interfaces with varying access 
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privileges, typically according to the monthly service-fee paid by the user. Transmissions are 
still distributed to all points on the network from the headend, indiscriminately, but only some 
nodes are able to receive or descramble the signals. 

A one-way information service, such as teletext can also be operated using a strictly one-way, 
headend to subscriber service structure. Unlike over-the-air teletext which uses only the 
vertical blanking interval (VBI) in the broadcast signal, cable systems have the option of 
allocating an entire channel to teletext information. For this application the subscriber Is 
equipped with a page-grabber, and a keypad for selecting teletext pages. However, no 
information is sent back to the headend or the information provider. 



3. 2. 1.2^ Two-way Systems 

Conventional two-way systems allow for some irtfWtraflbw'lifr flow from the subscriber nodes 
to the headend. This capability is most widely used for security and fife-alarm monitoring, or 
for pay-per-view television requests and billing. CoW of tH c ft e oc rvicea'not only require Breited 
up-stream coinfminrcations,bUtunkiue«JdfessabiWyaswefl. 

A simple, polling, access scheme is typically used for these services. For monitoring and 
security systems, there need only be three message states -• alarm unactivated, alarm 
activated, and device inoperative. Pay-per-view television services require enough message 
states to communicate ihe identify of meitfiirmef^Wogrfrft belrig viewed to me fieadend; 
tie headend responds by logging the request of %** sy*S§ertber for bflMng purposes. In the 
case of alarm systems, the headend responds to any "alarm a c tfvit e d" or "alarm inoperative" 
message by signalling the local police and fire deparmienf, or cable repairrrran, fesoe^ 
Thus additional communications is required between the headend and the point of final 
message destination. 

Conventional two-way systems can also be used for simple Wdeofex services which: 

- Require limited upstream data. 

- Access information which is located typically at the headend. 

- Can tolerate long response times typically associated with polling access 
schemes. 
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The specification that all subscriber requeataare^nfcedbytfiah^ fundamental 

limitation of the conventional headend to subscriber communications structure. 

3.2.2 Multiple Server Residential Network* 

Not all transaction and Informattonretrieval applications can be appropriately served by a 
single server structure such as that described ,<■£»&' Fof ^ e^pls, _ banta, as primary 
participants in the growing transaction services induaby. wW be unlikely to hand over control 
of such services, let alone access to sensitive financial data, to|^ caWe operator. They wW 
require server status on the cable neh*o*, wh^^ 

subscribers directly. A second example is of a local printing service. High-quality printers are 
similar to photocopiers in that they are high, fixed-cost items that are used intermittently but 
that must be easily accessible. Therefore, aa with photocopioi*<#M6ca1, tify*cteanlrifl or 
local drug st©femlgrit««er *piJn»k»#»W^ haadendj } fc»y,toe 

would require eerveratetetv Proadjpnd teflhneteey reja^ltHifeiHafetels possfcroughthe 
headend, ThevdJflawaoe bstweej^thetiwWi^^js^ * tha^oWertpe, 

interpretation, and processing oMhf ■ om^»»^$MeWk^^^f^^(9^^i^^ : ^^-W 
headend. This configuration has profound institutional and technical implications. 

3.2.2.1 Institutional requirements 

The cable operator roust •en».!R-«JWFl4M9rf^ ^pom^nk^tiona^aerytee, 

and not a fwgrammirtg er fc^^ P"*** 8 

transmission, network eialBjeflancesiand^ but^,j^bjeinjfph<ed iftjhe content 
aspects of th<^ interactive aetata*** 45 . 

Having all communications processed through the headend gives extensive contopl of service 
implementation and quality to the cable operator. Thia is Nkety to raise concerns on the part 
of other seivk»prc^k*e« a rK i sUxK)ribe*s, wHh respect to: 

- The proprietary nature of the data being exchangid»i#te fftebPY df l*te«efVlce 
provider to control the quality of the user-interface; and 

- The implications of competitive services offered by the cable operator in addition 
tocrfhereer^^pfovkteis. .-.^r..-;^; 



^At the same fern, the operator might act ae an information pnwider Msai on other dwnrwta. 

52 



Privacy concerns are not inherent or unique to the communication structure. End-to-end 
encryption will be required to insure secuifty'of sbm6 o^ bo^ JS%>riietary and private, on 
any cable communication system. Authentication of the message source will also be required 
in some applications. Both authentication and key <tost&m&m ai».««a«iplee of; enhanced 
services thai iriightto*aile/edJ»r»^^ 

The success of transaction services will depend on the quality of the user interface. 
Therefore,, service providers will want direct control jwer the relevant aspects of subscriber 
communications. The particular application determines the sensitivity pf the_ service to the 
quality of data communications on the cable network - signal to noise ratios, traffic delays, bit 
error rate, etc. For instance, an electronic funds transfer (EFT) service for banks will be more 
sensitive do-bit errorrelesibafi will an etectrontCiO^me secviee) SmiHl«^r*higW^mterac^e 
service w*H be more sensitive to traffic delays tha^wHHi betoh service* To the extent mat the 
cable operator offers services the* awnaq^* aa«P«$^*^^ the 

cable operator w* have access to adequate transmission services; fSsivice providers with 
more sensitive applications wW have to convince the op c*»tac >hqt demand is t*gh enough to 
warrant investment in htgrter-quaiity tra rvsm i oQ iofv f »p^e» However, in order to have true 
control over the quality of theuser interface, toe service providers, aMmotJbe cable 
operator, may wish to control such application ievel features es; reafxyise tiroe, screen 
format, error-handling, and query formal. ^- ,o; <5 > 



It is likely that if the cable operator and other service providers are competing for the same 
subscribers, the operator wilt have access to information^and w^ P^lde 

anti-competitive advantages. The potential for abuse is high if toe cable operator controls the 

. ., . • .. ■ ,v-*v-.. -:'- : \ '"•-:• >, - ■■■;:'■> •'•;; ;T' ...... .• :;.n ,:jnt»"»s©if em ons s*'i^&-; s> ! « ;');«..■ :.. ■ 

user interface for competing services (see section 5.3.5). For instance, services that use 

high-resolution graphics can be very annoying to use if the data rate is so low that the user 

■>>-.■ -"-'i.^* a !isK»-v i, VnM -'^- ;■> ■■■- iSi»q^ii *'iiT:( ,u?>t^ -:noijsr-n;jcn' •■; ■:• -.a- £■■-*,.■ "■<■: 
must wait for the screen to be "painted"; in such cases it is. preferable to, use lesser quality 

graphics. Therefore, transaction and information service providers are dependent upon the 

operator to tmpiementtoeir aarvicas at satisfactory up aed a, , c v, 

3.2.2.2 Technical requirements 

The technical requirements for murHrj^setvet comrriuntcartorra Include: 

- A hjgh bandwjdff link bef^eerj.tJie *far&$$$M^ P f 

the high bandwidth downstream link to subscribers. 
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• The capability to address directly multipte servers, « MheabWty of the headend to 
respond to requests for communication Jnka i be^ew subecribers and server 
nodes, i.e., complete logical connectivity between all nodes. 

On conventional two-way s ys te ms , the vest majority of data travels from the headend to 
subscribers. This Is consistent with Shetarge amour* of baiHtw*dl»r;th#«tewailBWe on the 
downstream path, compared to the small amount of upstream capacity. Server nodes that 
operate independently of the headend win require significantly more upstream capacity to 
transmit data to the headend for translation onto down-stream frequencies 4 * . Residential 
subsplit systems will accommodate only a limited number of itetveir nodes in addition to trie 
headend. The number will depend on the volume bfiftformaiHori and number of subscribers. 



■■; : y.ci n/; 



Most experimental videotex systems to date tearwmtt eJI data vie tatephone lines. In these 
experimental systems Information and software frequently called upon by subecrlbers is 
stored at theheadend. TMa%targety due tottwbottlaneefc created by ^ narrowband local, or 
long haul, lines which connect the eervers to Ihe headend. If *>ser*er attempted to interact 
with subscribers in a«passfr*de?ft? 47 manner, tt<wouk**>egresttyoon8trtf^ phone 

line bottleneck, particufariy m the case of muNtete s»nulti«»o^ letjoesta. If the typvend 
amount of information which is to be sent by thee* videotex and transaction services does 
require a high bawdwid* mediitm, and if storage of frequently used information at the 
headend is not acceptable to the service providers. **ewa mm appropriate configure«on Is 
to allow local servers to communicate with the headend and subscribers via upstream cable 
channels, or other high bandwidth media. Alternative technologies sucn as point-to-point 
microwave, DTS, leased telephone lines, are also possibfRtfes for the transmfesion of toe "data 
between the servers and the headend; downstream data originated by the server, as well as 
upstream data addressed to the server by subscribers. if the communication services are to 
be used for communications among multiple computers, as opposed to between a terminal 
and a computer, high bandwidth channels wW be needed in both directions. 

Network nodes must be able to address each other and control cOmmunteattons wtth one 



48 The translation process is strictly a data communications task on the part of the operator, and is fundamentally 
different from the control p p o sib j a in p r o vhw a fr described contjojweSorie. - ,, _ r: ,_, . , 

47 r 



'Pass through refers to a passive transpotUbon of information through the headend, with no processing, or 
active paiUdpatton, other than »en « n« ei > ai . i* Of > "virtual" cwwection b etw ee n nd Server. 



54 



another in a dynamic fashion. This capability requires that the headend be equipped with a 
computer and software that is significantly more cbrrtplex than that needed for a simple 
polling scheme. In addition, the interface Units of bbth "serve* arid subscriber nodes must be 
equipped with sufficient electronics and pVogram cbritroi to ifiipJemeht the appropriate access 
scheme or switching method. 

The connectivity and efficient bandwidth allocation offered by contention and DA-TDMA 
schemes are necessary and economically practical w^n services involve significant 
communication in both directions and between many parties. Therefore, these are the 
preferred access schemes. The current cost of these schemes may be prohibitive to use in 
residential networks. This will change but in the interim other, less suited, access schemes 
will also be implemented. 

Switched RDM or T0M/TDMA services are nof weftSufted tb "bursty " traffic, since the 
bandwidth is dedicated, as opposed to dynamically lH©eatet£ Wefefore. although they 
provide the connectivity, they are inappropriate for multipoint subscriber-to-server 
communications, where there are thousands of "bursty" residential nodes. 

Of the access schemes discussed, fbWngWIeael suited to fast response, interactive, any-to- 
any communications. Nevertheless; on «%r»yJ^ader4tiitf J netwdr^; equipment avaHaoMty, 
limited cable operator expertise, and ^ 
for such applications. One method fb*imp1em*itt^ 

using polling is described hereto illustrate the dirficuftfes. The headend poUs subscribers for 
packets and forwards each packet to «te addr*^e^%i««er<*<W#^r^*e^^ network or other 
established communication* media). Serifs wmm^-mtirbtk "a# ^kati W-*>artieolar 
subscribers and the headend translates theea packets <%nW mm&ft&iate idowrlstream 
channel. In the case of a cor^hoN^ i«te¥act^^ up a virtual 

circuit between the server and subscriber engaged. Upon request of a session, packets are 
automatically routed between trie two until the session is completed. Throughput and 
response time are critical in interactive communications, araf are very sensitive to the type of 
polling scheme used. Therefore, differential polling techniques can be used which adjust the 
polHng frequency according to the Matifeiof eairtideln^ fdf e*a^tSra^q^Vfcf^ are polled 
once every minute, devices that have been active within ttie preceding minute are polled ten 
times per minute, and devices which have feeao active witMMbe preceding tenth of a minute 
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are polled every one hundredth of a minute, in this way. faster response is directed to those 
devices engaged in interactive sessions. The do^r^slream chao^ oper^es in a broadcast 
mode, where ail subscribers listen Jp ^ cjpinnjQfl fr|j^^ band Jpjr, their ; comr^unicatiflna, 

but only the sddi^ssed device actually ^ ^W 101 '!" 1 " 

technically possible, polling schemes are not optimally 8uited^^p ; ,.tj|^i|y-jntejac^v ;: f^ 
response communications among multiple servers. 

3.2.3 Hybrid Residential Networks 

One method of achieving the switched multipoint two-way communications capacity required 

is to use the telephone network as the upstream link. This method has been proposed by 

AT&T as a means of delivering videotex and transaction services. . The subscriber uses a 

modem and the standard telephone lines to communicate requests and information to the 

server. The server them transmits the. addressed ggtave&TrotoiJ^ 

leased lines, and trw heedend sends it to the subscriber on the appropriate downstream 

frequency. 49 

The advantage of a hybrid system over a strictly telephone-based videotex system, is the 
higher bandwidth available for downstream awnni rwrirt l e/ ^ High feaoiotk>n greph4€S tftke# 
long time to traiismit over the j^owbe^ The advantage 

of the hybrid over a^Orway caMe system, «tt^ew«ten^ of the^epnooe as a u^wrtous, 
addressable, upstream medium which avoids the cost otrfefrotittiag, one-way caJWe systems. 
Hybrid, systems do ejntaH the wherent dtsaduantafle* ei ej»e*$tiains *hft, organiaationaJ, 
pricing, and technical opa&tiwtotfww 

tytafeUB of phone facilities for voice cornmunicetfeiie; in p a fftcui a f j the. resident i»4i**bJe,te 
place or receive phone calls, t^id the tetephone ex fjhswe ^ pori e ap e s longer hojdpti times 
(see section 4 further diecusskxi of dat*GommHnk^Me4i*NW*e*ephone lines). 

Their success is largely dependent on the relative attractiveness of interactive services that 

■ v. 7,-- ;*■;''■ ^tvv. v. ■"0'--y.'-.-3 f- iri f ;;;•:•• '••*$ ant r*asv/}p'f ot?; ■■. y.'-:?:"- ■ v- ■"• : --.-. 

AT&T will offer subscribers, as compared to those which cable operators could offer. AT&T 

... . . .. i .r " : ■ . '■•■..-/"■ " *>;,« '"-.-i*£:>(f'i;?T»ffiO0 6*';*D; "Ofn; i« if ■"»!■*■»." ; : -£ •■';■•" -.-no-./-. . • 



■',•;■■ ■ - ■:■•. ■-<, ■-.. ,i vv, •' 9t->b .«i-- r-r 

^Seminar given by Dennis SwWvan, VP. R(Sikltotiar*lin>^^ 
Unhwrehy, October. 1881. "' "" 

Hybrid networks are also suited to single-server networks where the subscriber sends requests to the headend 

via*eiikiBrk^B^i»eeWe*de»dl^ : - i " : *'"' -'"'' 
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has technical, capital, and institutional resources to draw together a highly attractive service 
package, the cable operator desires the most attractive package in order to attract 
subscribers to cable. It is possible that the increased number of subscribers, and resulting 
revenue might be significantly higher than the revenue lost from subscriber fees for cable 
provided information services. In addition, much of the* subscriber terminal development 
would be left to the telephone company which has toe ability and capital to develop the 
technology with the proper economies of scale. Use of telephone lines for upstream 
transmission would also allow cable operators to meet some franchise agreement schedules 
for two-way services. 

3.2.4 Institutional Service -- Point-to-Point and Multipoint 

Unlike residential networks, institutional cable networks will initially be used in place of leased 
telephone lines for point-to-point applications such as large file transfers between the office 
of a multibranch company, or as a means ojf ac,ce§si9£ specialized common carriers. Many 
cable operators will benefit from the "data communication$experience" pf this basic point-to- 
point service, before developing more sophisticated multipoint networking services. 

Advanced data services are best served by a switched multipoint network. Data networks 
using cable technology in a switched multipoint configuration are currently in operation in 
industrial plants and research campuses for communkattkm within and between buikflngs. 
These methods could be applied in the institutionai market over the next five years. One 
example is the communication network needed to interconnect automated teller machines 
and bank branches. Increasing d^enctenc*tw*^hs/wed oommuofcaf/ons wrtrWn corporaie 
offices will increase intraurban communications raqulrwnent** ■ 



3.3 Costs 

Cable is a high-fixed- cost, low-variable-cost industry. Cable must be laid and programming 

acquired independent of the costs per number of subscribers. The principal variable cost is 

the interface unit. In the case of data coittniunfcltt^ fc»^ 

more expensive than simple converters. In addition, the headend facilities for data 

communications add fixed cost and complexity. Qj|ta 

labor requirements for servicing and maintenance of both CPE and the cable plant. 
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In this section we examine cost estimates for cable-based services. Cost estimates are 
derived from recent cable franchise proposals [43], (20], NCTA statistics, and research 
conducted by M. Akgun, Government of Canada, Department of Communications [3] 50 . 

3.3.1 Basic cable System Costs 

The cost of traditional video distribution cable networks consists of the following: headend, 
CPE, cable distribution plant installation, operations and maintenance, and programming 
fees. 

The headend for a simple "community antenna" costs approximately $105,000 dollars. This 
number includes the cost of the antenna for reception of . oyes>the-air signals. Satellite earth 
stations are an additional $95,000 for two. The cost of the headend per home passed is from 
$15 to $25, assuming that penetration grows frdrn 25% In the first year to 45% in the fifth 
year 51 . CPE for basic cable systems consist Of television converters which are low cost items 
in the range of $50 to $80. The iris^alralibn cost associated wftn bririgirig service into a 
customers home, is 1rom $40 to $50 pSj. 

S3 

Table 3-1 illustrates typical 1981 prices for cable, distribution-plant, hardware components 
,[37]. 

Cabttng^osts vary depending on the density of tab area being wired. Urban centers are very 
expensive, whereas rural and suburban areas ate not. Atria* Installation costs range from 
$7,500 to $15,000 per mite ($75 to $150 per subseribefjv^se© to i$5,000per mite are tebor 
costs. If there is not enough capacity in exis^ng ducts or aerial poles, the cable company 
must dig up the streets to install cabte underground. This raises the cost of underground 
installation to anywhere between $15,000 and $100,000 per mile. The average cost of the 
cable plant installation per home passed ranges from $75 to $200 [46]. The total cost per 



^We will assume a penetration rate of approximately 100 subscribers per mile for the sake of cost comparison. 
This figure is suggests* by ft* MCTA as representative of nottroral areas and to comparable with the 110 
subscribers per mile figure used by Akgun. 

51 These estimates of headeo*coat, per home passed, are larger fh«n those gwen m TaMea 3-2 and 3-3 because 
in the tables the cost of studio facilities for video programming is listed separately. 

^Roberts, L., Karp, P., "Comparison of transmission media for Local Area Communication Networks". Paper in 
preparation* available from P. Karp, Artio^ Con?;, ti^. C^^ 
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TaWe 3-1: Distribution plant component prtces<1981) 



Coaxial cable 
Drop cable 




S 0.35/foot 
0.31/foot 


Amplifier 

Power supply (ampl if ier) 

Tap for power 


1,500.00 

40ft.00 

30.00 


4 pert tap 
8 port tap 




16.00 
35.00 


Bridge tap 
Splitter (2-way) 
Splitter (3 "way) 




36.00 
37.00 
44.00 


1/2" connector 
1/4" connector 
1/2" terminator 
1/4" terminator 




3.00 
.50 

3.50 
.80 


4 Port -fitter fact 


<w1t 


4,000.00 



home passed by cable therefore ranges from $175 to $300; given a 50% penetration rate, the 
cost is $350 to $700 per subscriber. 

The operating expenses of cable systems are simitar in most respects to otner businesses. 
Unique expenses inctocte copyright *tes, pote : rente! fees; mkrowave expenses, and lees for 
programming and premium television. The Operating expenses fof ^arg* metropolitan 
systems are from 50% to 65% of revenues. Bwa i sy e te ete have lower operating costs of 4S% 
to 55% of revenues. These expenses consist primarily of technicaLn#tintenance staff. The 
NCTA suggests the following average maintenance costs; 

- Headend maintenance and repair: $3,000 per year. 

- System maintenance: $75.00 per mile. 

Programming costs for new systems in large metropolitan and suburban areas are estimated 
as high as $1 million in the first year. The operator pays in the neighborhood of $50 per.year, 
per subscriber for pay- television services such as HBO, Showtime and Galavision . 

Local programming expenses vary considerably depending on the franchise agreement. 



Some recent franchisee include aotiw elate JwJoc^j^hiattoni\«*ae others include none. 
Net of advertising revenues, the NCTA cites local programming expenses at $2,500 per year 63 



3.3.2 Two-way Residential System Costs 

Two-way residential data communications wfferttaM^W fdlltttting ariSftibnal costs beyond the 
basic costs described above: an upgraded headend, more sophisticated CPE, retrofitting of 
existing one-way cable plant 54 , addition of appropriate 'e^ui^^it^ to compensate for 
upstream noise, and increased maintenance and service requirements. 

- = • it- Sjjfc: ..-i 

■ •*.■' : - . -..I t ; ; '_■". 
At the end of this section we present a table of ccft appfqximati©ns|or three hypothetical 

residential systems of increasing sophistication (see Table 3-2). 



3.3.2.1 Headend and Customer Premises Equipment 

The cost of an upgraded headend includes the cost etthe Iwpdvvarearid software required to 

implement the on-line .services, e^biW^^^ 

management, addressing, network management, and ^ ojf^ ^5^0^, f gafcBway services. 

Therefore, the cost will vary depending on the capabilities desired. Although the costs of a 

s^H^ioatedl^dendfw* 

amatt<cJornpwed;tG>lr»» tomd^ 

ifee 0ef3siiiraM^CeiJimu«kMtie*«:w 

oeets tor ty^emesefvwgufr to 100,008 M^bacntters: to #?='. -." ^:>- .-v,*.?- 

' - $teo,000- fe^dxt "'■ • : "- ■"'-''' "- :;f - ,T " ; * )( - " ' 



• $325,000 -- interactive polling. 

- $600,000 - digital switching functions. 

- $950,000 - packet switching functions. 



!£•'.' 



°°This number is very low possibly as a resuK of averaging together systems with and without local programming 

facilities. 

_,.'!-•:) :.-'•. : .jn,:. :■,-<>•!. .>■•,;. ■;. ^'..".nc o \ ■:■■'' <f>4-:'; >■...< a v ■•'•■"■' ■'"*-'*!:■. '■'. 

W H the system is being newly installed, as opposed to retrofitted, the retrofitting coats do not apply. 
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The headend used in the Cox Cable videotex system, Indax, will cost $2.8 million [20] 
(assuming the system accornmodates 50,000 a^bscribejfs, th^cojstis $^^ pef ^scriber). 
The headend for the Warner Amex Milwaukee system w^^^ 

system accommodates 50,OQg subscribers, ^e,„cjoat,,is j$|2J]Q Jjer sujiscribef), This 
difference, $17 per subscriber, for the most part reflects the expense of implementing Cox's 
higher speed (0.028 Mops, see section A.2,J.2) t broader capability information and 
communication services, relative to Warner Amex's polled transaction services which are 
rather limited and inflexible(see section A.2.1.1). Both system headends are more than ten 
times the cost of a basks one-way cable television network, $t05,000 (see Table 3-2). 

Cox Cable's two-way residential interface units, which use a 0.028 Mbps (Q.223 bits/hz) 
contention protocol, will cost between $200 and t $250 55 . For camparison l .Warner Amex 
estimates approxirrately $100 per subs<^iber for a simple poHIng untt and an average set-top 
converter for video reception costs approximately $50. 

The cost of FDM interface units vary according to modem speed and are typically upwards of 
$500 a piece. DA-TDMA units run as high as $4000 in current production quantities. Because 
of these higher costs FDM and DA-TDMA access schemes are only considered feasible for 
institutional systems at this time. These numbers are more a reflection of the perceived 
elasticity of subscriber demand than of the equipment costs. Interface unit costs for 
moderate to high speed data rates will remain high until they are manufactured in much larger 
quantities. Amdax Inc. manufactures both FDM and TDMA cable interface units for data 
communications. The rf- modem portion of the interface unit currently costs from $200 to 
$300 for a 0.128 Mbps modem, manufactured in quantities of 1,000. This cost is expected to 
drop in half if manufactured in quantities of lO.OOO 5 *. the cost of the logic necessary to 
implement the communication protocol will drop as LSI arid VLSI costs drop; but, rf 
components are currently difficult to implement in LSI. 



55 
This cost estimate assumes significant production increases, and related economies of scale. Cox estimates a 

total cost of $33,871 ,000 for all feeder cables, converters, and CPE, in its New Orleans network [20]. 
Zak Kong, Director of Research, Amdax Corp, personal communication 
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3.3.2.2 Cable Plant 

Cox Cable estimates distribution plant installation coats of over $15,900 per mile ($15© per 
subscriber) for the ^Orleans India systeiii^WaVr^rAWe* estimates that ft wdtHd cbst over 
$l5,rj00perrh^f aeriaf^^,^ ol^ider^fidWiaf 'cabfeinataHatton 

in MHwabkee. Included ih*fhls cost are the caWtfptartt cbrrip^^; J na^ryar^ 
ttfidgea^pftfters, arWirtstalied at a freqtiency of .6 j pet rnife; artdbbsf*t«00 eifcri 1$d.00 per 
subscriber; pet'mile). The^Orrty of the cable InataJTilldn cba^are-^bbt related. 

These coats refer to conatructfon of new eabJe»yjiM»> Thti«»t(a880cJated with upgrading 
existing systems, to allow for two-way services, is alao relevant for analyzing the comparative 
economics Of using cable Systems for data comrnot^tlbnifeW^ces 1 . ftetrbfftting of twd-iway 
read/ systelns tb two-way acHve systems Involves msettlb^of up»r«lam ahptlfter modules Into 
allanipllflerboxee. These modules cbst m 

Engineering Ltd. study 57 estimated thetbtal *vbrtig§ eb%f trre^f^hg^a rffifc bf cable to be 
$783, for densities of 110 households per mite ($7.57 per subscriber). Retrofitting of older 
systems which are not two-way ready could approach the cost of installing a new system . 
These older systems ordinarily require upgrading from 12-channeJ^ to 30-channel capacity. 
The upgrading process involves replacement of all cable plant amplifiers and bridges. If the 
transmission performance of the upgraded system is sufficient, the amplifiers used to replace 
the 12-channel amplifiers can be two-way as well. One-way modification modules typically 
cost $340 apiece, or $204 per mile ($2.04 per subscriber). It is estimated that the per mile cost 
for rebuilding a system is $1300 ($13.00 per subscriber) more than the cost of upgrading an 
existing system [55]. In many cases the transmission performance of these modified systems 
mav not be adequate for two-way data-communications and the resulting higher maintenance 
costs might outweigh the higher cost of rebuilding. Warner Amex estimates that when trouble 
calls reach a level of 10 per 100 subscribers, per month, it becomes economical to rebuild the 
system. 

Corrective measures that control upstream noise levels are necessary for two-way data 



^E-N. Chistett, el al. Setectabillty of CATV S»/vfces, Cabtesystema Engineering, June 1978, Contract Report. CHad 
byMAkgunp]. "^ ::; ' :: 

^SICOTJO to $15,000 a mile, since most of these older systems are in rural or suburban areas where the cabling 
costs are not as high ■■■■•■»■■■■>,■)■■■ ■■■'■-■.•■■■ ■ ^:-.n-u>-i • 



communications over existing cable plant and ..will contribute to the retrofitting costs, Bridger 
Switches cost approximately $350* but are typically installed at the time of system installation. 
As proposed earlier, digital regenerators might be installed MhP^m syetem6,,»n conjunction 
with bridger switches to dean upstream channels. Tbe$gftal ^regenerator, hardware 
potentially costs approximately $70 apiece, but no one rnai^ac|ujpsieable-ready examples. 
Digital regenerators a«e manufactured lor use in teiephene plant and require modification for 
use in cable plant; initial, this customization might raise the cost to as much as $500 apiece. 

3.3.2.3 Operation and maintenance 

Service and maintenance costs for new cable systenjs will be significant relative to total 
system cpst This is due to the increasing size (&_\fa,watoWtff^.thQ- sophistication of 
services being offered. Warner Amex estimated the fo!toy«ng, pj^p| maintenance expenses for 
their proposed Milwaukee system: 

-Salaries: One plant technician for every 2,400 subscribers; Six preventive 
maintenance technicians per every 1,000 plant miles. Total,* $220,000 fpr the 
first year 56 . 

- Converter Maintenance: $4.15 per converter {this number should significantly 
increase with increased sophistication of the interface units utilized). Warner 
Amex estimates that they receive'an aveta^je of £5 trbubf4TclaHs per month, per 
100 subscribers. -■"•■■ 

-Pole and Conduit Rental: $160 per mile ($1.60 per subscriber) annually, and 
$2,000 per mile ($20.00 per subscriber) armually, r*epedlvety. 

Software and service costs associated with offering videotex and other transaction services 
are largely unknown. 



3.3.3 Two-way Institutional System Costs 

The total installation 60 cost of an insbutidhal system 1 is comparable to that of a residential 
system. Higher per-mite cable installation charges'are offset b^ the typically smaller 
geographical coverage of the institutional network. 



"The particular numbers cited in this and other franchise proposals often reflect demands made by the local 
cable authority. 

^Retrofitting is not relevant since most existing institutional system s w e rs recenSy bttlH. 
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Institutional network headenda awordinaHly tewef in eoatiWift tiefdeiWallieadende because 
the ayatem costs for the nigh speed comrramftsMiona aerv*eea^*^laadetf e*fo the CPE. 
Residential transaction and r Wfbwmittert servtoetP require that rrtdre controt and software 
complexity reside to the headend. Inetttuttdhal Mttom headend* aw fM* eqtHbped with 
antenna for over-tr^air ivoa^Heh'but may be eqi^^^wlth^ia^^ to 

long-haui facilities. Importantly, the eiaetfcfty otde*rtnd litf «aW*dnmihfeatiori services in 
the institutional rt\arket ia ihttch tower thaw In lr» niaidentitt ^h^ROt. Thef)sf6re higher 
interface unit costs for higher speed services are tolerated. 

The services and equipment costs offered on institutional networks most closely resemble 
those offered on private LACN networks. feot.tACN h e ^ritfW are sfgnificttntiy teas 
expensive than msfmjtte^l, cable television, netW6fkhe^eVidsP11«K^ hea^encftact stHetly 
as frequency translators, arid do ribif have the 4 facWHiesfbf ?ecep^6rf of ove¥-tfie%ir signals. In 
addition, most LACN'sdo not implement information and trahlietJSh ; serv1ce£ kPthe headend. 
Therefore, they do not reqeire « headend roinieoniputef and soitwawt ,of the sawe complexity 
and size.. Amdax inc. offers a single dfca^net&A-TBMA 'sfrM''<!atilMfieVjph^jaM Mbps 
user data rate and 14 Mbps aggregate data rate over two channels (1 bits/hz). The headend 
is specified to serve up to #,000 user teeafiens^ and- cd*tS s $eS7SO ($2.10 per user 
location) [371. Interface units, eachwith four pora, 'i^JMi^Japfepf .' in urban systems, the 
cost of the headend is likely to be increased, so as to offload the price from the subscribers as 
much as is possible. Sytek's LocalNet40 is a multiple channel contention LACN which runa at 
2 Mbps (0.33 bits/hz) over 3 m*» distances; the user data^ataja* fcll^SyteJfc's^LpcalNeta) 
accommodates over 100 128 Kbps contention channels over 10 mile distances; the user data- 
rate is 0.019 Mbps [11]. The headend is specified to serve up to 100,000 users and costs 
$3500 [50]. 

Digital Communication Corporation (DCC) offers GAPAC, a DA^TQM^ayatenv which provides 
user channels from ^Ogbjps ^0^1|f$jps) up^.J.544 r Jtfbj^q^ 
assignment basis. User node costs R gre £ on ^ojdjr^oyr^^ for an 

institutional cable system costs between $50^000^8^ 7^,000, These relatively high prices 
reflect the higher data rate offered, as well as DCC's position as the sole current supplier of 
equipment with these specifications. Table 3-2 gives estimates of broadband LACN system 

61 Each user location on th»n» w o rt t ■cco mmodtt aaup totourd w utoa a . 
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Table 3-2: BroadbaiKitacahorm network vendor prices 



MdlA 



Controller 
2 Port 1 
4 Port 
16 Port 

Headend 



Cost/node 
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3,900 



9^960 



954 



fi££ 

1,600 
2.40f) 



eOo 

N/A 



Svtak 6 3 
•jlll76 
4 a 2QQ 

^|.8oo ;i ,; 

• : ' 9 i288 "' 
^.21^ 



Mana 



* 912 
Ji/A 



User data rqt9 J56 kfcps 

costs for intra-plant networks, as oppt^io^Wth^^^yietworks 62 . 



To summarize our discussion ol system costs we present below approximations of system- 
compowent costs to iftrte resi d e nt ial cable systems cj increasing sophisticate* (see Table, 3- 



2). The residerftfaT systems; are 1 'assumed to serve SQWO subscrtoeM, v ^ subscribers iier 
mile, with approximaferfy 20% toi25% penetration odtthhanced services, r The institutional 



system is assumed to hay^ ?5(j 



ibers' 



,66 






The following table (see Table 3-3) contains rough estimatestrfihe typical costipeir subscriber 
for cabie/network facilities (capita^ costs) and system qnsfalion^Qferating costs). 



•63, 
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Sytek LocaMet20. 

Calculated for a 1,000-statlon system. 



62, 



Roberts, U Karp. P- 'Md. 
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Because there is only one inaMMipnal system in a p e f S on I Hs num be r Ja net re pr ea B ntati waotanyUa. avArage. 
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Table 3^. Ccet profile® of ft^ system* 
Components Two-way ready Warner Amex Cox 



Headend 
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CPE 



Cable 



$160,000 
$3/sub 

$7 5 /sub 



$1,100,00 



ss 



$22/Si 
$100/sub 



$2,800,000 
$56/sub 



Institutional 

$100,000 
$200/sub 



$26<lVs ; u# 7 $500-$4000/sub 



$7,500 to $100,000 per mile installed; $7.50 to $100 
per subscriber* Actual cost depend^ .upon amount of pole 
and underground duct space available?' $783 per mile of 
cable retrofitted from o^na- way to^lpp-way; $7.83 per 
subscriber. 

Table 3-4: Typical cost per subscriber (assume: SO.fabb subscribers, 



Cfiflitaj. CjllU 

Basic headend 
Satellite receiver 

Extra for interactive 
Studio equipment 
Customer equipment 

Extra for interactive 
Installation 
Cable plant $350- 



$3 

$2 

$50 
$20 
$80 
$40 
$40 



Qui raving CvHa/mr 

-.srrtiio Heatfen* maintenance 

Program material 

' ••■<., ><KaMiillDslHrtair««i>- - 



Total 



$600-$1020 



$0.08 

$10 

$50 

$50 

$10 

$20 



$140 



3.4 Prices 

It is difficult to know what the tariff structures of two-way data services are likely to be. This 
brief discussion attempts to identify possibilities. Currently prices reflect the local monopoly 
status of the cable operator, or prices of the closest competitor, the telephone company. 
Cable operators do not maximize total revenue minus total cost (TR-TC). Rajher, because 



66, 
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Customer premises equipment. 

TMs estimate ass um e s targ e production volumes whkhne not yet In prfxtoetfon. 



66 



currently there are excess channels, the value assigned to a channel Is zero, and the cable 
operator maximizes total revenue minus marginal costs (TR-MC). This assumes that there are 
no opportunity costs in using a channel. 

Current residential cable tariffs only reflect the charges to subscribers. Charges for 
interactive services follow a similar pricing structure: flat rate plus a per usage charge. 
Warner Amex proposed a $29.95 installation charge fchd a $4.95' monthly fee, for its 72 
channel basic service. The so-called municipal service is $45.00 installation charge, and no 
monthly fee. This service offers 12 channels of community programs, and access to home 
security (at an additional cost). The Warner Amex Qube service includes 14 channels of 
teletext, games, polled interactive services, etc.. There te a $19.95 installation charge/with a 
$4.95 monthly fee (note, there is no usage charge). Cox Cable's hxtex proposed service tariffs 
in New -Orleans are $15 installation plus $7.95 per month for Tier land Tier II service, and $98- 
200 installation plus $1 5r$1#,Der month for security monitoring systems. 

The only existing precedent for institutional tariffs are those charged by Manhattan cable 
(MCTV), see Table 3-4. These tariffs were set primarily so as to be competitive with telephone 
leased line rates while maximizing revenues. It is likely that institutional service will continue 
tobe priced in, this manner,, since the threat pf entryof an altexnatiye institutional service, due 
to high prices is minimal 68,69 . Installation charaas are, |1 50 to $200 per end, depending upon 
the data rate f The Cox tariff is proposed for the r4ew Orleans Institutional cable. Institutional 
interface units are in the $1000 range. 

In addition to subscriber tariffs, future two-way services will include tariffs charged to other 
service providers. The only analogous service on video systems is leased access, in which 
the cable operator leases a video channel to another programmer. Typically leased access 
has applied to community groups at nominal or zero, charge, which does not reflect w^at 
would be charged to commercial parties. In addition, tr^|sform of leased access referred only 
to downstream transmission. There is little precedent on which tpbase estimates of the griffs 
that would be charged to servers, by the cable operator, for a "communication service". 



go 

It is possible that with the introduction of DTS services this situation will change, and institutional service rates 
will be forced closer to marginal cost 

^MCTV, Manhattan Cattle Communication System, Mon«ty Lease Rates, June 1, 1980. 
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Tabte 3*5; MCTV monthly teas* rate*, June HM© 

Bit rate 70 Cox Cable MCTV 

1200 bps $37/month $145/raonth 

2400 bps $55/month $160/month 

4800 bps JUS/mentb $ao$/«oiith n - 

9600 bps $Z3fl/month $300/menth 

19.2 kbps $500/month $4z6/month (synch) 

56 kbps SlpOO/month $475/BU)nth (js^ncj|) , 

1.64 Mbps $1000/«onth S10Q0/mor»th (sjr»ch) 

Service structures In which the headend Is the ! btfrjr 'Wrver wouM hot ehtaff a 
"communications" charge to ethef parties, instead;^ ! a^^ between irifotriiatoh 

service providers, such as banks, CompuServe, or Lexis, would initially be established on a 
case by case basis. t 

Eventually, both servers and subscribers, are likely to be Charged on i usage sensitive baafe. 

Only in the case cf dedicated charm^ 

This need for usage sensitive pricing W due to the ihcrelsfeg marglnaf coisiof rntwt systems, 

i.e. performance degrades with heavy usa#. ! fr» iia»t*taiR^ 

that until the communications facilities are minimally loade^.'iw^naPcos^ Is'ii^mtrea^ing, 

and therefore the cost of monitoring usage is not justified. DA-TQMA and contention 

schemes in particular can suffer from abusive overuse of the flat rate services because of the 

degradation in service that is experienced with severe overloading. 

Cable network fees are likely to be insensitive* torhHeagel slhcei all ^rrtan1caikj«s fa local. 
Communications which travel off of tfVe cabfenetwbrK^tolfc cha^gl^accordWitfto tha Cdstt 
of the communication faetttftes over which'^fraveli i:£ W 
the user. 



Bit rate per 6 Mhz channel. 



71 This compares to a cost«**400/month. including Marfaoe unit rental for a leased votae grade line 
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Many institutions are strongly adverpetyjamnQ AJ£T rate structures remain as the model for 
communications pricing. In fact an alternative to AT&T pricing methods could be the primary 
attraction of business users to cable usage, t beyond ^maiMM^ M^hcf jspeed and 
quality services. Other technologies With' Which cable wiH be competing will face the same 
challenge. Major users in New York face a 40% increase jn their communications costs over 
the next year. Users are arixidusto Tpl-otecl m&ttsefvelj fromWes#raf¥incVdases. 



3.5 Summary 

Networks that will support future services must accommodate cftffimunication with multiple 
servers. The costs incurred, abdve and beyond the costs ~ assdclaled with traditional 
networks, are concentrated in the headend, inlerface Peo^melC mllryhaiice, and where 
necessary cable plant upgrade and nofee cdir rectidn measures^ TH& lopnisiibatibh of the 
services provided will most significantly affect the cost of the interface equipment. Prices of 
existing services bear little relation to costs. Charges for institutional services for the most 
part reflect the prices charged for competing aerv'K^li^^kf^^^ii^hilM GOm0astf. 
Residential charges, for those services that are in operation, are tier-structured. Rate- levels 
are difficult to predict, pending more data on demand elasticities. 
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We have presented our analysis of cable as a data transmission medtiim; Including technical 
completion* aad remedies. ?We have a*so dieooaed t*»> imptomentetian decisions 
associated with higher level communication protocols, in particular access schemes. In the 
next chapter we compare the anticipated performance gi ■.£0bjfatQtefafa-:Wft9m with 
services proposed by the phone company and other special carriers for the 1982 to 1965 
timeframe. , 
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CHmrtirP&tSflr c 
Alternative midlife telephone local loop 
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In this chapter we describe two alternative transmission media for residefitial'and Institutional 
regional data con^un^k^ns^^Je^ ^.Pj^.jroj^n^^^rylot 

(DTS). We fin^ matti^ meg^ residential 

and institgtionajda^c^mr^^ is superior 

to lx)th the telephone ^ r ant ami DTS in many respects. 
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4.1 Telephone local loop , 

Although the public switched telephone network is reliable and supports uplo 2400 bps two- 
way (full-duplex) communications, or 4800 bps half-duplex, it n engineered and tariffed for 
voice traffic. Several cj^^ 

- Analog transm iss io n rs«^ii»» oswverstaSBOt d*§ital*4lata atglMlB. ■ Tbvpavtieular 



frequencies, uncontrolled phase delays, etc., complicates the conversion and 
makesU rtl a tivety e»ft«rteh*. * -' ■-»• "■ '■ ' <s ^ :■:*:• !k><tnB sr*- ;w--j rw. r. -,.<:,■ 

The statistics of data differ with those of voice. The long connection times 
experienced between terminals and computers, are disruptive to the operation Of 
telephone company switches which are configured with a suitable number of 
trunks for a 3 minute average connection time (holding time). On the other hand, 
for computer-to-computer connections over which only seconds worth of data 
need be sent, the call set-up time and minimum 3 minute charge is too long and 
the call set-up components in the switch are over-used. 

The dedicated circuit provided for the course of a connection is inefficient for 
data traffic which tends to be in high intensity bursts. During transmission of a 
burst, the data source and sink can generate and receive data at a much greater 
rate than the bandwidth of the twisted pair. Between bursts, the Hne is idle. 
Smoothing the traffic by buffering the data is acceptable for some applications; 
for others, the delay incurred by buffering makes the application inefficient. 

m 



The use of voice facilities for data traffic leads to high access cost and contention with normal 
voice service, in addition to suboptimal*tran9mission characteristics. The telephone company 
or the user experiences excessivettine termination, modem, and port costs* 

Modems are used to transmit digital signals over analog voice lines. Modems can transmit up 
to 9600 bps over conditioned leased telephone lines. 4800 bps can be achieved over 
unconditioned lines. Modems can be leased from the telephone company or purchased by the 
subscriber independently (so long as they are FCC approved). 

ATaT's Digital Data Service (DDS) eliminates the need for modems by supplying digital links, 
at speeds up to 56 Kbps, directly to the subscriber. In addition, line error rates are superior to 
those of most voice-grade lines. The service is offered in a limite#~number of cities, at 
relatively high monthly rates. The monthly rate for a 2.4 Kbps DDS line, within a city center, is 
approximately $250, while a standard, analog, leased fine, within a city center, is only $100 per 
month. Monthly rates for 56 Kbps DDS lines are in the $650 to $700 range. 

The advantages of end-to-end digital transmission services for data communications are 
clear; but, the majority of telephone network traffic is voice. Using existing digitizing 
technology, the transmission of digitized voice requires more bandwidth than does 
transmission of analog voice. Nevertheless, the cost of the components used in digital 
switches is dropping so rapidly relative tp the cpsl of analog switch components that the 
overall economics makes it increasingly worthwh#e to use digital transmission for voice 
services too; this contributes to the trend towards an ail digital network. 

The largest remaining bottleneck inend46-enddfgfta#seivieWis«ie-»oc«* loop. The foHowing 
section will describe two communications technofcsieW^wMeli **§»e been described by ine 
telephone company in the technical Hter'aftiw,#o^difjfel i *y^tiiliteW over the existing local 
loop facilities. In addition to the technical details; we fwpetd Identify the cost, maintenance, 
and implementation difficulties which will impact tile aftrwstKwess^f^ 
to cable television based services. 

4.1.1 Circuit-Switched, Digital Capability 

Circuit-switched, digital capability (CSDC) refers to a 56 Kbps, alternate voice/data circuit- 
switched capability (see Figure 4-0) \2]. Customers will dial a call using ordinary touch tone 
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facilities. When the call is set up they wiH be able to signal the switch to allow transmission of 
56 Kbps digital data. They wHI be able to switch back and forth between transmitting analog 
voice and transmitting digital data at any time during the call 
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Figure 4-1 : Circutt SwitchedlSfgrtSfCapaWllty (N. Long, Bell 
U^retortpw^). 

A new transmission technology, time compression multiplexing (TCM) [2], allows full duplex 
56 Kbps digital transmission using tr» existing twO'Wlwj subscriber loops. awieWngls 
achieved via minimally modified telephone company toeel switches and unmodified toH 
switches 73 . The expected f»fir*e*Jeftl^fi^^ ***" 

as high speed facsimile, bulk data trane<er% D .aiid^ ©theiit oomouter, to computer 
communications. The CSDG architecture is very simHar to that of existing voice service 
facilities, therefore few difficulties are foreseen in Its develor^nenliBndmaintBflanoev 



72 This figure was provided by N. Long of Bel Laboratories at * seminar S BIiMod Hew fecrmoWey end ffte toca/ 
loop, Communicationa PoSey Research Program Seminar, M.I.T., Cambridge. M a —ar huaetta, September 24, 1961. 

^he modified local switch is the #1 A ESS, and the toH switch is the #4 ESS. ESS stands for Electronic 
Switching System, and la aJftmfty of compattr control tetephoho «wirch« used byV»Bo« Telephone companies. 
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4.1.1.1 Costs 

One circuit termination line card is required, per subscriber, at the subscriber loop interface 
to the local switch, in addition to the circuit termination card at each customer's premises. 
Each line card is estimated to initially cost $600, or $1200 per line connection 74 . This cost 
estimate is based on high volumes of production, i.e., quantities must be siftcient to justify 
production of a TCM chip; 

The alternate voice/data channel unit is shared by multtptefubscribers and is only in use 
during a data mode call. An average unit serving 10 subs^r,ibersJ# s estimated to cost $1000, 
yielding a relatively small cost per subscriber, $1 00. 

The cost of the software module, which will be amortized, (should be in thejange of $10,000. 
This cost will be divided over the number Of subSCriberatKioifthe svliiech . 

The services will be offered by the local operating corrtpanieMf^qlliit access rules that apply 
to standard telephone service will largely be appJe^4p,CjSl^v M. intertaces to the local 
telephone companies' facilities will have to be made public and accommodate other long haul 
carriers. 

4.1 .2 Data Above Voice (BAY) - M>cal Area Data T'aftsport (^ AJ»T) f eiylces 
Local area data transport services are intended to provide residence and business customers 
with network interfaces through whfeh they can access a pae#t sSfcttfaned network, primarily 
for communicatibn wfth vfcndor data bases (saeWguns ^ ^^^r^^tfaa "'hclub^ fiohie or 
business, Interactive, information systems; secuVfty; and ettergy^aiia^ment systems. 
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The senriceis designed to provide moderate speed (f ,2 Kbpato«Kbpahdata cwnmunicationa 
to "burstyr users in the home and wnaJHwaifSwsaB. teadd!Bfl«.#ie s <tota <apab«tty is 
designed so as not to contend w«h traditional vote* services for the use of transmitston 



74 Eslimates are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalite of BeH -Northern 
Research. February. 1982 J; McDonald of MBX inc., tarmerty of TRWV©AR, estimate* that toot* the nrtwork^e#Cuit 
termination equipment and the incoming line card to the switch should be as low as $300 each. 



It is not clear exactly bow the toe*) telephone company will purchase the software; $10000 per switch, or 



75 
$10,000 for one version of the software which would then be copied ftoraa* another too** 
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Figure 4-2: Local Area Data Transport Capability (N. Long, Bell 

Laboratories 76 ). 

facilities between the subscriber and the central exchange. Packet switched data transport 
facilities are most appropriate for ff^d&ik^^\}^t¥y)diiil0^^y ' 
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The user will access LADT via. %e same wire M|r^ r MS)|d Jf |o/ f |pc^ ^e^^rie, service. Date 
circuit eflulpmentOT,the rj CMSt central 

exchange wiU pu^ t^.dj^.ftatffjj^n^Ji^jtljA frec^^^ fP^r^n appYf ^e analog v$ce 
signals, a technology referred to as Data Above Voice (DAV) 77 . Using this technique, the data 
circuits WW wot contend with voice telephone usage (as dees CSDG), but witt operate 
simultaneously ©ver the same twisted pair. The interface unit w* have a data input port whioh 
wfflcc^fGTm to international date ccwirnttw !; <>? 
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Long, N., Ibid. 
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The voice and data wiH be separated (fittered* and the. »oice;wiM toe passed on to the local 
switch. At the entrance to the hKiats«wt8^tt«»data »siiats«itt*e«»rineeted to a porttrf a 
statistical nurttiptexor.Wtdata signals \»«lii»=eoneentraftedandsentte a packet switch viaS6 
Kbpslines. 

Infrequent users of LADT services may prefer to use a standard modem to make a data call, 
rather than pay the extra charges for DAV transmission capability. Subscriber access for the 
occasional user would be provided via a standard modem and the dial up network. When 
used in this manner , use of the faoWties for data would preclude voice communications. 

Unlike, CSDC, the packet architecture of PAY services offer^-^ey^ r challenges to the phone 
company 79 . In addition the residential information and dat| ji&rket is bit yet developed. 
Therefore, near term offerings of these services a^^ejyj^ bee^pedmental, 

4.1.2.1 Costs 

The data circuit equipment on the customers pcemises and the. entrance unit hardware 
required in the central office will cost between $200 and $400^ installed 60 . If volumes are large 
enough to warrant the use of custom LSI, these costs would drpp significantly 81 . The 
statistical multiplexor will present somewhat of a barrier in that j*, js M high fixed cost item. To 
justify it, there must be a critical mass of subscribei%tp LADT-based services in the same 
local area. Nevertheless, it should result in a fairly inexpensive per user cost. 

Finally, the local operating company must install a packet switch to provide data switching for 
interfacing to multiple hosts and long haul networks. This installation tepfceeehts a larger 
departure for the local telephone operating company, in terms of technology and fixed cost 
than does CSDC. Thus, LADT services will be introduced more slowly and in few cities at a 
time. 



^Although other telephone-switch vendors already offer DAV capability (e.g., ROLM, BNB, etc.), these services 
have not been offered on a city-wide scale. 

^Seiscor Division markets an Integrated Data Voice Carrier (IDVC) system offering similar capabilities at speeds 
up to aSttbps, over>3.«ntHe run* for «&34. New Vara Te»eptoonei»affn»rt^««*MaV»»1htap«duct. 

8 *Estirwrtesa«'btoed enewwwwttone wfttvOr. EOMw* Mw«€br|»r«lei»«nd«otend Zalrteof BeH-Northem 
Research, April 1982. 
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All facilities, including the packet svdtch wMfce o^e*?b*lhe toeaMatapfcaaft company. 
Therefore, equal tocai faeilrty e c o oo» and Jnter c oftwe cti on wtll ba provkiedi to flH long haul 
carriers and rjacket network sewfceei^ a eta^ 
already introduced proposals to the CCITT for new standards to govern DAV. 



4.2 DTS 

In 1981 the FCC approved a petition by the )torox€oJ-poi*ton toialtoeateapectrumlnthe to 
Ghz band (10.55 - 10.68 Ghz) for a high speed, local, data communication service called 
Digital Termination Service (tftS)*. In the eh&rtng year5^^ spec^ized carVlers have 
submitted requests for licenses* . DTS uses a «J(Wcei^farTad1B : tec^ue whereby uSeft 
communicate with ohe or moi* local ^rio^wH 

facilities. One or more nodal stations communicate with multiple user stations within a radius 
of up to 4 miles. 

The user experiences data rates up to 1.544 Mbps. TDM is used to transmit from the nodal 
stations to the user stations, while users transmit back to nodal stations on aTDMA or TDMA- 
DA basis. Within 4.5 Mhz of bandwidth an aggregate data rate of 8.4 Mbps is achieved (1.2 
bits/hz). The cost df a' DTS 1 system is currently quoted at $11$6o per user station and 
$1 17,000 per 120 central node sector 9 *. 



4.3 Comparison 

Institutional cable networks will compete for the commercial data communications market 
with existing telephone services (DDS and leased lines), future telephone services (CSDC), 
and specialized carriers (DTS). Time will prove to be a determining factor in determining 
which of these services dominates any particular market. 



on 

Xerox originally called the service XTEN. 



After observir^«»mw^oteasclal rr e ri ca r rie rs tr^o Mered to pi»vkteemi¥aro«Jefttl»»«aldto<hatBv 



83, 

^DipJM CwnmurtwiioiwConjorattan:* o*©TS«wa*mei*.fifE. 

Telenet estimates that installed coats are approximately $113,000 and $400,000, respectively. 
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At rates up to 56 Kbps, CSDC is an attractive, alternative institutional cable service. But, 
there is no reason to believe that market demand will stop at 56 Kbps. In those cities with 
moderate amounts of traffic, CSDC will be adequate. But, in those cities with large demands, 
or with installed institutional networks, cable services wi find their place for rates greater 
than 56 Kbps. The competitive dynamic between cable and telephone services will be largely 
affected by the tariff structure of the telephone company. At the same time, the existence of a 
competing medium will force the telephone company's rates down. 

DTS has the advantage of low corruption costs relative. Jp institutional cable; but, if the 
institutional cable is already installed, this advantage^djsa^pears^ £s was exemplified in the 
LDDTymnetSBSexDerimeot,(seQ Section A.1,2.2^ o^.^^l^jf^pl^n^.ea^h .^ther, 
Therefore, in those cities that have institutional cable ne^g^^f,advantage of DTS is 
unclear, unless it is used to complement the cab^ejacjjities» ^trjc^^ities|hat do not have 
institutional networks, DTS is attractive on a cosj bjasjs. It will b^, many years before DTS 
equipment drops in cost low enough to be of interest in the residential market. 



LADT is a very attractive alternative for the residential market Th,e total cost of upgrading the 
telephone local loop for DAV service , is estimated tp besomewbakiesj than that of upgrading 
a two-way ready cable system for comparable services 85 . For, services less than 8 Kbps, the 
ubiquitousness of telephone facilities gives tiiese services a tremendous advantage. In 
addition, the star configuration of the tetaptronemetwork offers security and fraud advantages 
over a shared channel jcable s/chitectU^ k n ° 

telling how tang ft will take for tiiese service* to becjia»fW<deJy#vailaJ9le; am* when they do 
become available, whether the peak data rate offered will f^'ad^iiaw^fn Wefnean time, the 
development and availability of cable services could consume all of this apparent advantage. 
As in the institutional market, all three media, as weli as others, will be a part of the 
communications backbone. The characteristics of the particular community and companies 
involved will determine the outcome. 

Having presented and analyzed the technical ctmracterfettca'df cattffrtetevlsion networks as a 
data communications medium, in the following chapter we fcrfciffy review this Infotmallofilroni 
the perspective of cable operators. 



^Snowden, Personal telephone communications, February, 1962. 
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Chapter Five 
Regulatory Issues 



5.1 Introduction 

The offering of data communication services by cable operators poses particularly Interesting 
questions as to the proper regulatory structure W communication industries that both 
operate the communication Conduit and sell services over it, wh&ftir pay television, videotex, 
or electronic mail. In this chapter we Outline the policy context of data communications via 
cable and propose how the regulatory framework of catile te^vlsic^ tnlght De it^ suitably 
adapted to data communication applications. 

Cable television networks offer peak communication data rates that are orders of magnitude 
greater than the telephone company's narrowband ib^lldoprThe "local loop", I.e. fritraeity 
communication facilities, is an important but weak fink in the U.S. telecommunications 
network, as Charter et. al. note [18]. 

The availability of diverse communications services can provide powerful 
leverage for greatly enhancing the nation's1ril©*maiiofi«bae0d eeonowy. The weak 
link now in providing, advanced commujucatip/is sen/ices, }o busine^ and the 
public is at the locai distribution level. The diversity of serviced possible ttirOugh 
locat distribution is being inbibWiid by traditional view* ©» JOcaTdisWImtion and 
prevailing regulatory policies. 

The use of cable television networks for data communications involves a technology and an 
industry, both of which already exist, but for wholly different applications. Cable has been 
used principally for home entertainment television signal transmission. But, given proper 
system design, it is equally appropriate for transmitting and receiving data to and from 
residences and businesses. Data over cable poses ft^MM^e^^ Wd ^mpelUng policy 
questions. Such questions include: 

- Is cable operation a broadcast or common carriage function? Is it both? 

- Under which jurisdiction should cable fall -- local, state, federal? 
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- Should the operator of the network facilities; haye fuH epntrpl over the services 
provided over the network? 

Cable is currently categorized as a broadcast service and is only minimally* regulated by the 
federal government. Operators are granted, fra^K^j^.aiid giye^JqpaJ monopolies by local 
governments which last typically fifteen 'years, In contra^, telephone and most other 
transmission services are regulated as common carriers by !v both state and federal 
governments. Common carrier regulation ^itJpnalJy,,|mj>ljejs rg^i uof return regulation and 
two fundamental behavioral stipulations: 

1 . Services are made available to everyone on a non -discriminatory basis, and 

2. No control is exercised over the content of the cjamm^nicalion^, 

The dichotomy set up in the Communications Act Of 19&4 treats common carriers and 
broadcasters quite differently. Broadcasters are given control both over their transmitters 
and the programsTor content, of their broadcasts. Indeed they aire neid accountable for the 
content through such means as the Fairness boctrine and community service rules. In 
contrast the common carrier controls only fee conduit; or transmission media, over which 
communication signals are carried, and is specifically prohibited from exerting any control 
over the content of those signals. The 1S&4 act granted me Federal Communications 
Commission (FCC) jurisdiction over both sectors, w^th a separate set p| provisions for each. 
In addition, the act stated that services regulated undej one set ^Pfflyisjpns could <not be 
subject to the other set as well. Until recent^ jt was not diffteujt to determine, wh|ch 
communication services belonged under which category. Today + just as me dichotomy 
between computing and communications; has bjujred as ., a result of technological, 
developments, so has the demarcation betwj$ri ,,ee ? rtain common, cagrjer ar^d broadcasl; 
technologies, Home and business information sej-yjces ar^,pr oposed which will deliver text 
and data via broadcast media which are traditionally used for entertainment video television. 
At the same time, broadcast two-way television services use data communications for polling 
subscribers. 
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5.2 Regulatory Jurisdiction 

5.2.1 Background 

In the 1969 Southwestern declston* 8 thVFCCrs rdfe 'In cable regulatldh was defined to include 
jurisdiction over ad services which were "ancillary & oroadcastini* 1 the sole function of 
cable operators at thai time was to reeibWcas^ovef Wtr'Ar television signals and the 
Communications Act oh9&rid^]^ 

The FCC's 1972 Cable Televisiqn Report and Q/dj?/* 8 setfo4b,f^raJ,9or^ajnts on cable. 
In addition to channel capacity requirements, the order included a two-way capacity 
requirement for all systems sarvlng major m&ketS. fhl requir^rfteht stStey f that each plant 
should have the "technical capacity for non-voice return, communications", but did not 
require that the services be active. Although the FCC recognized ttiatj^iv^.^O:way. services 
were premature, the rationale behind such a regulation was to limit the costs for adding two- 
way capabilities in the future. In June of 19^2, the FQP modjfied this regulation by restricting 
local franchise boards from requiring m,ore strir^^ttwp-wa was 

afraid that some requirements Imposed by local bodies would be beyond the state-of-the-art, 
and would prove prohibitive to the cable operators. 

In 19715 the FCC opened ah investigation Into the viability of maintaining the two-way 
regulations 90 the cabte Industry waleagef tbtSvelhlii requirement removed. Because the 
market still showed no signs of product revenues for the operators the extra cost of 
inserting two-way systems was viewed ti overly burdensome I trie industry claimed that the 
gxtra cost was anywhere' frorn it) to 14ti percent n1gj# for two-way capadty systems that also 
satisfied the hew channel capacity requirements But the FCC maintained its position that the 
very high cost of rebuilding i bhS-waf sysiem Warfartted ffte relatively slnil ado^fbnai cost 



86 United States v. Southwestern Cable Co., 382 US 157, 1868. 
87 1834 Communications Act, Section II. 

Ofl 

Cable Television Report and Order, 36 FCC 2d 143, 2 February 1872. 
Reconsideration of Cable Television Report and Order, 36 FCC 2d 326, 16 June 1872. 
^Notice of Proposed Rule Making in Docket 20506, 53 FCC 2d 782, 784, 3 June, 1875. 
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incurred in building with two-way capability from the starts The*GC dW'Kmlt the requirement 
to only those systems with 3500 or more sttoscrtoerirsd as not to beWew- smaller, less 
profitable systems. 

The Jurisdiction of the FCC was questioned under .^.M^JU^Q v <tocM.on^.. ..which 
concluded that two-way cable communications, ^UA^erenon-^pice were n£t"ancilla«y to 
broadcasting", and therefore did hot fall wtthMS^e jwisdjcjon pf FQQ Regulation of cabte 
television established in Southwestern. In addttiph, they«were w^hjathe Jjgrastete restrictions 
of the Communications Act of 1934. 

In 1978 the courts acted to severely limit the FCC's jurisdiction over cable by overruling the 
agency's authority to establish tocal access requirements 9 ^, ,Ih**wo»way requirements ware 
also struck down. The basis fpr the decision was^-these cequireihpqts bu^oenec 1 the cable 
operator with common carriage responsibilities. Tb# CQmmuflk^pnsacte^jcfyy 5tates ^ 
if a media is regulated as a broadcaster, that it must be exempted from common carrier 
regulation. Therefore, so long as the FCC chpse to regujate cable , •anc,«lary;tpl^adcasting ,, 
(as stated in Southwestern) the FCC POUld not enter©* We bwwmd^cafftage^^qiiirements. 
By this time, however, two-way capability had become a crucjajl element in the franchising 
process. 

5.2.2 State and local regulation and federal preemption 

The Congress and the FCC currently advocate increased derejaulation of cable at the federal 
level. This leaves the states and municipalities to apply regulation as they see fit. In the past 
this responsibility rested* with ihe muffidpaT^ffisriifng bodies. 16*/ as Ute mfiuence of the 
federal government recedes, the state legislatures and public utility commissions (PUCs) are 
playing a larger role. So tong « the c«Sie=*yBte*h*ifetnaifl ItttraiiMef trwei^as^on local 
and state regulation is In accord with jun^Mionalp^acfsB^V 4 ^^: n 

One foreseeable problem with State regulation of cable is the documented tendency of State 



^National Association of Regulatory Utility Commissioners (NARUC) v FCC, 36 RR 2d 393, US Appeals District 
Court, 1976. 

^Midwest Video Corp. v. FCC, ACLU v. FCC, US Court ot Appeals for the Eighth Circuit, 21 February, 1978 
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governments to protect existing industries; in this case the local tetephone company [42]. 
This could bias the state PUGs towards enfoicing strict common carrier regulation for data 
over cable as a means of protecting the telephone company. But, should the state PUCs take 
action that is undesirable to the cable operators, the operators could respond by running their 
systems across state lines and thereby forcing themselves beyond state jurisdiction; assuming 
that the operators gain rigftts of way from neighboring states. Slmitady, the FCC or Congress 
might react to seemingly unfavorable state regulation by preempting state Jurisdiction if it can 
show that proposed state policy would disrupt national policies, i.e., inconsistent state 
regulations could prove a barrier to standardized nationwide service, Just as local regulations 
could prove a barrier to coordination of state-wide regulation. 

The 1976 report of the Subcommittee on CommunicStidn# of the Committee on Interstate and 

Foreign Commerce of the U.S. House of ^preservatives recommended that State regulation 

should be relied upon more heavily, with simultaneous lessenWg of local and Federal 

powers[T9]: 

The federal regulatory rote should be confined to those aspects 
requiring national delineation ol standards. Such areas sbouldiie 
defined, and where federal preemption is called for to avoid 
interference with federal objectives; this logic of preemption should 
be explicitly stated. 

In their work on electronic publishing, Neustadt et. al. [47] propose three criteria for judging 
federal jurisdiction: 

1 . Is it ancillary to broadcasting? 

2. Does it fall under the common carriage section, section 2, of Jr^ communications 
act? 

3. Would non-federal regulation disrupt legitiraatejederal policy? 

There are three areas in which the? federal government might then preempt focal and/or state 
regulation: 

1 . Content regulation. 

2. Intrastate information services, i.e., data base access. 

3. Intrastate transmission. 
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Preemption of content regulation provisions are likely on 1ne basis of resulting First 
araereiment infringement. Similarly, under BmoMrawm^, regutatiori of intrastate tatee for 
information services might be preempted to prowote*ver»ityof oontenfcsouroee. 

The most difficult case is that of intrastate transmission; Fffiteral ^©? n ? D j ion s was •*PMcWy 
struck down in NARUC ll w bwau^ top Itttje e^^^ 

regulation would hinder legitimate natipnaj oojic)^ |l^19;7Jjg^ [19jet§ted 

that preemption of cable transmission regulation would Jba, > e^yjvaj^yq ^ oreeniptipn of 
local Jelephpne regulation and thereto);? it was not ap^prgp^aje. , £^cp^arg^e, ^atjhe 
federal government, does restrict JocaJ qpexa$in|| cQmj?anj#s, froji^ ojferiog information 
services over their local loop facilities and therefore, federal regulation to assure some degree 
of separations or leased access on cable facilities is appropriate (See Section 5.3.5). In 
addition* use or cable for data eommuracattois jr^reawewllfc 

will be disrupted if no federal coordination a aHowe^ifof. m-iight of the proposed consent 
decree between AT&T aid the Qejaaa^ 
relative competitiveness of loc^opei&tihgcoriip^ 

5.2.3 The Local Franchising Process 

Cable operators apply to local governments for city franchises. A board or committee of the 
local government defines a set of criteria to be met by all applicants. These criteria are 
minimally determined by federal regulations, e.g., two-way ready capabilities, maximum 
franchise fees that can be required of the cable operator by the city, etc. The franchising 
process has become highly competitive, and requires significant resources o» the part oflhe 
cable operators, particularlyin the, larger cities whjch promise iarge markets 96 . Competition 
has led prospective frajwhiaesi^ win the 

franchise. -., ,_._., 
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.^Broekhaveo Cable Tetew#^Jne- v. i(^ t S^FMT^ m^ * ^^ 1^ K ^'»'^ h ^ to Pr***** erttor to 
promote diversity through development of national pay television services. 

^National Association of Regulatory Utility Commissioners (NARUC) v FCC, 38 RR 2d 393, US Appeals District 
Court, 1976. 

^January 8, 1982, consent decree announced l^iiafti»GTe»fc b ' 
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After applications are submitted, they are reviewed by a committee of the local oovernment. 
in the past, community groups have attempted to overeae tr* process to insure adequate 
community input Nevertheless, the setecten process is often baaed on favoritism of city 
officials which results in non-optimal decisions for both the community and the operator. The 
technology of cable servk:es has fjecdme more sophisticated and as a result it Is even more 
difficult for the local gbvernttrerttttal^^ make 

intelligent and ihformed deepens. The invbive^hibf the i locat bdmmercial sector in the 
franchise definition and selection process could fend some technical expertise iiaeceesary. On 
the other hand, there am potential bdhfttbte of interestlhat might a^feetweeh commercial 
and community interests? CurreBtiy particlpatidn of potential commercial users of cable is 
minimal. "" ' : ' ' :: ;; ' 

During the next two years the franchising process will come to a close in most of the major 
cities in the US. in the meantime the refranehisMtg process w# begin as fifteen year-okJ 
franchise contracts begin to expire. Municipaiities/iCpeialors, and users will have to adjust to 
a new set of issues and procwiures associated with tim phase of cable development and 
operation. In Section 6 we discuss guidelines for making the refranchising process a more 
enlightened one with regard to data communications. 



5.3 Cable as Carrier and Broadcaster 

5.3.1 introduction 

The application of cable systems to data communications raises many questions as toihe 
proper categorisation of cabfe as a broadcast mec^effi; % adttffibh! a^l-compeiftive and first 
amendment issues are of increased importance because of the expansion of services 
possible over this medium. Cable could confuse the separation of carriage and content 
because operators control both fecHKies and programming. This combined control ateo has 
anti-competitive implications 07 . Others argue that although there is only one cable system per 
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R. Pepper noted that traditional antitrust notions may, njrt WPVide st >n on jfoese grounds and 

that a new interpretation of existing precedent may be necessary before an« (rust arguments can be brought to bear 

(pei^a|corrmunicatio^ 

available cable spectrum wHhjn a cjfy, S^H^Mef jn an|tn$ i^^^f^flkMi^^M'sii.*^ 

discussion We will refer to anti-compeWve Impl^tions as oppcaed to anti-trust. 
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City there are other competing communication services which prevent cable from acting as a 
true bottteneck, such as over-the-air television, telephone, digital radio, digital microwave 
(see Section 4). 

If cable does become a significant and unique carrier for information services, it is important 
that many diverse service-providers be rented access to the cable facilities for transmission to 
the home 98 . There is concern that the entire spectrum of the facilities not be occupied by the 
cable operator's own services, nor that the cable operator be given ultimate discretionary 
powers in refusing or granting transmission service. Htttortcatly, common carnage principles 
have been relied upon to regulate the use of bottlSrieck rerowceSin our society. 

To date the FCC has not clearly determined what the, true rote of these services should be • 
broadcasting or common carrier. The FCC has hesitated to effect a separation of carriage 
and content in cable in response to the argument;!^ without control over programming and 
the direct service of the subscriber market, cable systems development would be, stifled. 

Cable operators are, as a whole, opposed to any reference to their services as "common 
carriage". Common carrier traditionally connotes strict entry and exit regulation, in addition 
to rate of return regulation, separation of control over content and carriage, and non- 
discriminatory offering of services to all". Many in the cable industry fear that if the state 
PUCs perceive these new services as competitive with the telephone company, that the PUCs 
will attempt to regulate cable according to common carrier guidelines. They believe that 
given the capital intensiveness of installing a system and the long payback period* rate of 
return regulation would make their services unprofitable. In particular, the cable industry is 
concerned that their premium and pauper-view television profits wiltb^e "regulated-away" by 
rate regulation. 

Even if the state PUC's were to agree to classify some of the cable services as common 
carriage without rate of return regulation, the cable operators remain concerned about the 
separation of carriage and content, and about iion -discriminatory access requirements which 



™ln earlier sections of this report we have provided substantial evidence that cable is indeed a unique medium for 
two-way data communications. 

"offering services to all entails a commitment to buttd facilities on demand. TNs is discussed further in Chapter 6 
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might be placed on cable service*, including entertainment video. Henry GeJiet and ira 
Barron convincingly argue in a petition to the FOG [27> that wgotetion of cabte services 
should be on an individual channel basis, as opposed to a system-wide baste, since some 
parts of the cable are used for traditional broadcast services, and some parts are used, or will 
be used, for two-way communications of various types. lltowd^ih^hVcabfe operators 
weir fair profits on pay-per-view services, v^lfe IhsUfmg the pubfc the cable 

spectrum usedfOr "cornmunicattohs*, as opposedto *broa^^rtg*(see5.3.S). 

it is important to examine what common carriage classification implies, and why the 
protections that it implies are importantfor cable d*ta eommunicatwn* services. If cable 
represents a unique communications channel for residential homes and commercial 
institutions men ft ts reasonable to consider the cafrii spectrum to be a limited resource, 
which is "affected wtth the pubHe interest." m f^i^edmg seetitthi df this teport support this 
notion, i.e., in many communitiesr cabled! mdeedbe a uhfouVShd 1 useruf medium for both 
private and public sectors. It is in the commtmfties'%es¥%tei*e^ medium be 

accessible to all parties on a nondiscriminatory basis. 

in Chapter 3.2.2 we discussed the need for muftfp^ serW-systems in some detaH. It is in this 
capacity, in which the cable operators have no effedt ort the contents of me communications 
between parties, that they might be asked to operate In the spirit of a common carrier. The 
separation of control over content and carriage edURJ bbviatrth^neOd for speciaf regulation 
Of cable carriage services. The operators' conte of 3 Ihtenisi between renting 
communications capacity to other servers, and offerihg^servfces overth* medium which face 
competition from these other servers would be efimmated. Complete separation Is not 
feasible In the immedtete future for economic; pointed, and Institutional reasons which we 
discuss below. 

Given mat the conflict of interest does exist, the community is Concerned that the cable 
operator not infringe on first amendment rights by morwpdMzmg a medium of 
communications, and 1hat the operator nm eng / age in anti-t»rrtpetfttve pra<^c»s, by 
monopolizing the cable-based services market. In the past, most public discussion of the 
potential for First amendment infringement has focused on video entertainment uses of cable. 
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Hale, Treatise (toPortlbus MaW*/H«oUw Tract* 78 cited kiMuwv«W«pi» 94- U.S. H3{W7). 
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In particular, by controlling aH channels on the cable network the operator potentially exerts 
excessive control over cc^teMiinitf ther^ 

amendment rights or^ubSeribers ar# ©Iher programmers, Today, these arguments carry 
abated weight due°te the ifttW$dmpettove ImptlcaWohs s* mowopeiy^cohtrot over data 
communications services via cable. It is not only a concern for the private restdentt* 
community, but for the commercial information service business which plan to offer cable- 
based services as well, e.g. banks, catalogs, other videotex servers, and entrepreneurs. 

Neustadt, Skah, and Hammer butUhe tn^fliree typWof regulation that might be applied to 
"electronic pubHshlng" [47J, or*ot cWp^rp^^;t#d^w^ydaia: ' 

1. Content regulation promotes the provision of public interest programs, exclusion 
of (jffehsive artf Hlegai m^rfri 

2. Economic regulation promotes reasonable, nondiscriminatory rates and rate 
structures., t . ,,. ,,., , Vi . v ... 

a Structural regulation promotes eifkaeocy, eompetitim, Or tdiuersity o* control. Aa 
Neustadt, et^RQint OMt v :(r)epeni jreo^a^a^tons r|#y^ focused ,i|i this, area, 
on the theory" that competition i can achieve many Of the goals of content and 
economic regulation." 

Structural regulation is important in establishing a balanced industry structure and regulatory 
environment which will foster and encourage many diverse parties to develop information and 
communication services. Economic regulation will develop over time to compensate for 
inequities which the structural re^ula6<Ni* > ^''ndt' *c£Sie "to ' 'olSfaa^ ' 'Coiiieinit ' reouttiion is not 
necessary for data and information services if sflructu^aw 
assur$1IWdmartip^^ ' " 



5.3.2 Content regulation 

Content regulation, as a^plie^ tp television b^pj^ca^j^ was aji ^eoipl -to address the 



101 Title III. Communications Act 47 U.S.C. 201 (1934) 
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scarcity of broadcast channels 102 . It is argued that these re^lations.bave not enhanced the 
quality or variety, of programming and have merely served tg^WmMIhe first Amendment rights 
of, the broadcasters. In the case of data, scarcity r .fe also a concern but content regulation 
does not appear to be an appropriate means of' addressing the problem, for reasons 
described below. 103 . 

Because of the transactional nature of the two-way information services discussed, 
subscribers do not require the "protection" that some content regulation is intended to 
provide, i.e., from obscenities. This transactional nature provides for user discrimination, not 
necessarily available on broadcast television where there are a scarcity of channels (other 
than by turning off the receiver altogether). It is also important to note that the mere quantities 
of information available frqm non-broadcast information services make enforcement of 
content regulations infeasible 104 . 

In the provision of communication services, content regulation is particularly undesirable 
because the implied responsibility for matters of content prevents the operator from behaving 
like a common carrier I a far more appropriate model for a communications facility. 
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The areas in which content regulations are currently applied by the FCC include: 

- Fairness doctrine -- equal treatment of editorial subject matter. 

- Personal attack corollary -- right of an individual to access in order Jw defend himself/herself against 
personal attack on the media. 

- Political broadcasting rules -- equal access to all candidates. 

- Local origination -- channels where the operator is the only designated programmer. 

- Obscenity - restriction of certain material considered offensive to ttie community. 

- Advertising codes - legal and fair advertising practices. 

103 

Content regulation is not applicable to regulation of data communications services, in which the service 

provider exerts no control over the content of the communications; but, the inapplicability to information services is 

somewhat less clearcut. 

104 

The amount of information stored in a data base is not limited by the communication channel via which it is 

accessed, but by the practical limitations of the access procedure, i.e., how hard it is for a user to find something in a 

very large data base. 
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S.3.3Econdmt6 regulation 

Rate regulation is used in the case of most public utHrttes, including telephone, and could 
conceivably be applied to cable. The objective is to limit the utile's abfflty to extract 
monopoly profits on the basis of its natural or granted monopoly, and to insure 
nondiscriminatory pricing structures" Rates are typically set according to an allowed rate of 
return (ROR) on the firm's investments, or rate base. ^ The rate structorejs also evaluated to 
assure equal access to all users The history of rate regulation is checkered. The regulated 
utilities (e.g., gas, electric, telephone) have been burdened with the slow administrative 
processes necessary to enforce the regulation ^u^to^^j^J^ar^arhcularly Difficult 
in times of high inflation. 4 Some economists beltetye that the consumer has also been 
burdened by the hypothesized tendency of utilities to over-capitalize and thereby increase 

:■,. , ■ . : --. t - H r;*\-.r 'o'-.o.-.r.fr, ■• :-.r,>'f*' : ■■.■'•''? '--'"'J "'' ~ unite 9": :■":''' !&:"•',.;•;•- '^ ^v? ■".;!■ .;<■ "■ ■■ 

their rate base [7]. , 

There are a number of reasons why it is desirable to avoW traditional I rate regulation in the 
case of data over cable' In addition to the imperfections of impteme|iting traditional rate 
regulation, the disincentive it would pose to cable operators might stifle development 
Currently, cable operators are not subject to traditional rate regulation apart from local 
constraints on basic, premium, and pay-per-view television subscriber fees, By entering the 
uncharted market of two-way communication? services they would f$ce both, uncertain 

revenue streams and a restricted return on them as well; in addition, there is tterJpssfoiHty 

- - r , -.- _>..-' •sf;<:-r-- v ,'v " '•'.•'■ v''< ■' i'-UCis h '-' WS" L>r* ! ?< >5' ""■ v '< 10 ■antiyiii :iVi>...,?'>-" >t/.>rp t> 
that this regulation might be extended to other cabteservtees such as premium and pay-per- 

view television. On the other hand, given that the cable facility is to some extent a unique 

municipal facility, it might be desirable to restrain the potential monopoly power of the 

operator. 

Access or service charges will be paid by both subscribers and information service providers. 
Subscribers will pay fees to the cable operator for access, and/or to the data base vendor for 
the information which is accesse^w provided' Ca^ by 

the local franBlwse*oi»d» «Mk staie>Jeiialaiw*teqa«8»l«li^^ bas« rates Is widely 

viewed as inappropriate because of growing competition In the "infornwfrdh iWarketplace" 
whioh is belwwed. w«H e««ct'=effic*ei>« iwq^e^«iiw»^^ 

''proper" rate* ^ iP*w« of fcteHrartoe,/^^ need for 

additional rate regulation of subscriber fees. 



The problem of service provider access and communication rates is more difficult. In the case 
of two-way data communications services, the situation is analogous to a specialized 
common carrier operating in the local loop. But, because there is generally only one cable 
system per municipality and the franchise is granted by the city, monopoly power does exist in 
so far as the cable facilities offer more than other available local loop facilities do (i.e., 
bandwidth, transmission quality, etc.). There are two primary concerns associated with this 
monopoly power. The first might arise if cable operators want to use all upstream channels to 
carry the return traffic of pay-per-view television or information services, instead of data 
communications services. They could set the access rates to data communication users high 
enough to disuade potential business users while still complying with any structural 
requirements set out in the franchise, the second concern is that monopoly rates will be set 
too high above marginal cost, resulting In the traditional monopoly inefficiencies of 
excessively high rates and accompanying underutilization. 

Rates charged to data base vendors will undergo even more distortion because cable 
operators will typically be acting as data base vendors themselves. Therefore there is conflict 
of interest between selling carriage capacity and competing for the sale of information and 
transaction services. The cable operator could use excessively high rates to discourage 
information providers from using the cable medium, thereby retaining a monopoly for the 
operator. As we will discuss in the following Section 5.3.4, structural regulation is likely to be 
the most effective means of preventing such abuses, although it is probable that at times 
some economic regulations may be needed to account for remaining market imperfections. 



5.3.4 Structural regulation 

There are two elements of current cable industry structure which in combination might lead to 
abuse: 

1 . The control of both carriage and content by the operator. 

2. The practical monopoly whtetf the operator has over cabte facWties within the 
franchised city. 

If cable offers an advantage over other competing media the operator could wield significant 
monopoly power; resulting in excessive rates, as well excessive control over the content of 
communications. 



90 



The cabfe operators aVgue that cable is not a mtirtbbbir since there are competing 

technologies! eg., telephone, airwaves, he^a^ek ^r^srfaW selvfceiS alteMa^^fbrrtfebf 

distribution'We equally attractive. But, fbr wide binoNvldlN. t^W^^a^bn%, f c^b»bf^ 

a clear aa^emtager r ^^^ rfflgltfbe W : is iliMy 

transmitted vWo^ &*d cdrrtputef lb 

cbmpuiercbmri^ 

(see Section 4! CoHteHt**^^ ^wehi 

afcuse .iut,¥is ^ 

structure which ''permro conflict of Interest. 

The tools of structural regulation include: 

1. Entry. 

2. Limitation* On hbritottol»hteg¥atta»*~ control; 0««rihulllpte>««ani»ti. 

3. Limitations on vertical integration - separation. 

Although most mtmicHjalftfes do not graftt w^sn^^bMSes; tr# -eeortbrnlc ba#8e*a to 

coristrtfCtfhg * second c*We *«*«*% in *^^ 

of competing companies. Therefore, entry policies are not effective at this point ir^tlnite 107 . 9 

Lirfttatlbnsonverti^ 

ttfrsoiate the cbntfbf over caWlage Shd eortenVLirm*^^ 

also entail some degree Of setferaHbtis. ttdf^o^iWe^rBttb* >mm\&W&it*m'im 

multlpfe channbtei if c^ opfcfcto** 1^ 

cbDfe they will nevei^l^^ tnoarfMStftfam Tfi**efdre, b* a 

portion HI the network tfiby wdcHd be actir^is^WtaHfyifV; wfctch s^fvalenfr fc> Httited 

separations. 

Separations would require that the cable network operator completely separate its signal 



teletext information is transmitted during the vertk^ NanWr« r ^ 

106 Exclusive franchise contWB^f^b^ heW fevyi^^ 
v. City of Boulder, 630 F. 2d 704, UJfJO. 

^We might imagine thai in the future, demand will exceed the supply of cable channels and at that time, entry 
provisions regarding additional cable facilities may be effective. 
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transmission functions (i.e., carriage) f'Qnute wogranimina t fu^c4J,Qns (i.e., content) . The 
cable operators insist that services would be sacrificed by limiting, the incentives of cable 
operators to enter both markers. Ip add-on ,|hey feel.tbat in ojde r ^attract an adequate 
revenue stream, control over the entire packfge,, bottv^e^^ is 

necessary 108 . The cable indi^sliy ajsparo^fs t^aj se;paj^^ of 

both the first and fifth amendroents; thf fir^ ttirou^ by the 

operator, and the fifth through cons^aint of due [.prp^^^f^j^j^ o^rato^ to earn a fair 
return^ on the facility. Insur^rt of t^^ Carole 

Television Association (NCTA) has argued that "ca^Je system? i s^ojujtibj treated in the same 
manner as newspapers." [13] 

Separations was rejected as a policy alternative in both the 1972 and 1974 Cable Television 
Report and Order [14]. In 1976 the house subcommittee expressed the importance of 
separations as soon as it became "feasible" but agKred that ie76was toosoon todo so [19]. 
In 1979 the court found that "(a) business or group of businesses in control of a scarce facility 
have an obligation to give competitors reasonable access . Proposals have since been 
n.adefpr limited separations policies such a* J©aa«d access. Theae are more favorable to the 
cabte industry and ar« more Hkeiy to be M^emwted. Leased access will be discussed in 
Section 5,3.5 ; 

Public utility regulation of cable is another possible model for cable regulation- It has recently 
been applied to new institutional networks, such as the -one in New (^eaps^J, wh«ch wp be 
used primarily as transmission rwrworka lor business and government. Jn California 
legislation was proposed to declare all cal^ communic^ioas systems public utilities to be 
regulated by the state PUC 110 > Th»jbU| ; wpuW require "separation of system operation from 
programming selection." fJZS], [16], State legislation of this sort js parucuiariy a reaction to the 
Boulder decision made in January of 1982 which stated that municipalities were not in fact 
exempt from antitrust laws unless they are furthering "a clearly articulated and affirmatively 



-ffjfi 

Prestef, the videotex service in, the United Kingdom, operates under a separation principle but does not face 
impediments sucnai franchises and cable systems. 

10B Byars v. Bluff Off News Company/ftfe. , 808 Pi^tla,millkhxiit^m^^rt 

110 The Cable Communications Act of 1982. California AB 2742, introduced by Assemblyman Richard Robinson, 
Santa Ana. ■,■-,--..-.■,.,;.., ■>-;,-•,.-. ■• .. 
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expressed state policy" 111 . This decision threatens the status of municipally franchlsed cable 
systems in those states whose laws do not expressly assign tee munteipaHile* jurisdiction 
over cable. The most often stated opposition to municipal Control is Jhe tendency of 
municipal ownership to reduce innovation and efHcieney* 

Although structural regulation is ordinarily considered preferabte to content and economic 

regulation, L. Auerbach cautions that structural regulation alone should not be depended 

upon to achieve society's goals [&[. 

The characterization pf a highway operator providing 
'nondiscriminatory' and "equal' access (subject only to economic and 
technical teasfbilHy>*«e*te 

alternative technical and#conomic ^c^rJaiojyi^ceaaj, Inf^ Vi 
since these criteria will constrain access by some but not by others, 
the interesting questions then become ones of decidlrtd/how, aJWlrr 
what ways, technical and economic limitations should be allowed to 
determine access toctoe Electronic Highway, both by.potonlial 
consumers and producers of information. Perhaps, in view of these 
limitations to access, otnefsdcSal and political crlterlaisucli as 
the 'public interest ") should also b&used. Economic catorisvby 
definition, discriminate on ^e basfs ; i>f,j8j3ility to^y, Thte is not 
always a socially or politically optimum outcome." 

As Auerbach points out, through structural regulation discriminatory practices attributable to" 

conflict of interest can be eliminated; but, discrhaiWWiowefttrie*^^ 

This in turn necessarily influences content. Therefore, although we see structural regulation 

as the best of existing practical alternatives, we realize that communities may need to bring to 

bear supplementary mechanisms, such as public and government access In, in order to 

achieve social and political goals. We take heed of Auerbach's caveat [6\: 

Arguing for separation of carriage and content wilV subsume trie most 

important soc*oj*o«ic^«jttestiO*^ 

distinctjon.aiMi , even worse, may en^wagfpef^irfc(^«»r»p^fient 

assumption that the mere assertion of two mutually exclusive 

categories wWsofvefofc^rtdafyi^^ 

distinction in toe firsf<piecaf ***** mm need^suffeTfriimwtat 

Alfred North Whitehead price called the 'fallacy of misplaced 

concreteness ,t1 *i , ' i ( 



M II I I I yV' '' 
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Community Gapimuntoafttoro Co. v. City of Boulder, 630 F. 2d TIM, 1080. 
112 AHred North Whitehead, Science and the Modem World, New American Library, New York, 1948, pg. 68. 
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5.3.5 Leased channel access 

Provisions for Leased channel access have been suggested as a means of protecting both 
consumers and businesses from possible monopolizing tendencies of cable operators. These 
provisions would require that the operator allocate a certain number of its channels to<be 
offered on a common carrier basis. This might imply non-discriminatory, first-come-first- 
served access, with no control over message content by the cable operator. The implication 
of leased access for video cable services is the allocation of a certain percentage of 
downstream programming to parties other than the cable operator. The Implication for 
interactive data services on residential systems is the allocation of some percentage of 
possibly both downstream and upstream capacity to multiple information providers. For such 
allocation to be of use to other information providers, subscribers must be able to address 
parties other than the cable operator. 

Mandatory leased access could prevent overcharges to subscribers through competition 
while avoiding the disincentives posed by complete seDarations and common carrier policy. 
Economic regulation of subscriber rates might be avoided as a result of competing services 
on the system. Similarly, content regulation wtll Hot ine njece^ry given me diversity of 
sources. Recognizing the difficulty of enforcing complete separations, it is wise to enforce 
leased access in the near future so as to establish the process earty on in operation and to 
encourage the emergence of service providers {47], 

The petition to the FCC prepared by Geller and Barron presents a legal discussion of the 
appropriate jurisdictional position of the FCC in regulating leased access [27J. It concludes 
that the FCC does have jurisdiction to establish guidelines for leased channel access because 
of the interstate nature of some communications, now and in the future when interconnection 
of cable networks is in place. The rulings which have serveje! to limit FCC regulatory 
jurisdiction are discussed in detail and can be shown to be Inapplicable given the true 
"communications" nature of the dala cominunicaMpns services; u^er.dJS6ussion here. That 
is, instead of these services being "ancillary to broadcasting", mey are m fact "aneittery to 
common carriage". This being the case, the ruling in Midwest Video fit wWch|»f Id that leased 
access requirements were in conflict with the broadcast categorization of cable function, 
would not hold since there is no conflict between leased access requirements and common 
carriage. Fundamental to this approach is the treatment of each cable service or -channel 
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separately, according to its function. Only in this way can the appropriate regulations be 

. ... . .-•■.:• ■;■: ■-. ■■ 'A- . r 'r.j>rb v:> ;• »-■ ; 

applied to some services, without unnecessarily harming other services. 

A dfcWcerrtrve to cable operators is the vulnerability ©I «abte « tfatt eommon earfler 
relation if leased access is eWered; Preempt!©* oHKiFaateB Hg»» ttfihf ore* rate bf return 
regulation is the approach recommended by the industry. An alternative measure 'fe to 
enforce the model suggestion by Geller and Baron whereby each channel is regulated (or not 
regulated! separately, andf therefore sortie subset of channels migrf be offered on a common 
carriagebaste without threatening ail titeteeervlcee* ' 

113 

Fundamental questions arise in .the impiementaUoo pf ^la^accj^,^ : 

-Who should set the rates on access to the available channel •- the cable 
operator? The state PUC? The FCC? According to what cr|teria shoul^l these 
rates be set? 

- How will leased access requirements impact the status of joint ventures between 
mfomurtior* service providers and cable operators? i 

■ What provisions should be made in the event that ^ie allocated number of leased 
access channels t^ome c^^ Access 

clvanne^require* bejaiaed? Sr$uW aepa^aiip^be enfo^cjdjSince, >p* jnarket 
for servers will have been proven? 

How to ensure equal t**elmenf»Jor those services that *night compete with 
services offered by the cable o^raton As rteus|adt et, al. state, ^(ptolicing equal 
treatment is a 'regulatory swamp". 

- What central head-end services are included in the leasing of a channel? 

Geller and Ba/ror^ propose that initially pricir^bjB n te^to,iha ^W^ o|^arHet supply apd 
demand. It seems reasonable pax this be atte rapled* but wi%,cjo|e s fl^itor*ig., 80 *)$ 
discriminatory or unfair behavior is detected quickly, and the need for regulatory remedies 
can be reevaluated. It would inappropriate 1*11***^^ mantrmmti 

policy f« these iwservtefrsunleatdt^^ 

mixed servtees^prowictod bysrutfedtetepr»rwpteW. 1ws^ ee n frauq*it w»»ee<»wmte a*mmm 
political probtems and th*detir« toavokt tWaaco«*»lie*i«*#pa«^ 



1 13 Some of these questions will be addressed m the foMfawInd ctttjiler on n«l^j>W*rtd state cabte policy. 
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public and private sectors. But, if the cable operator sets rates artificially high so as to 
discourage leasing of channels by competing service providers, or if the operator exhibits 
other anti-competitive behaviors, economic regulation may be called for. One alternative is to 
implement a bidding system, such as has been tried for satellite transponders, whereby Js>pth 
the cable operator and ether information providers bid lor use of a channel, or a subset 
thereof. 

The cable industry presents a number of arguments against leased access requirements: 

1. The cost of building a system is only justifiable if the operator has control over all 
revenue producing channels. 

2. Leased access requirements burden the operator with added costs of managing 
individual channels. 

3. Subscribers will hold the operator responsible for the quality of all services, even 
those over which the operator has no control. 

The first argument ignores the fact that each channel will be teased and therefore will be a 
source of revenue. In particular, on large systems where there may be excess channel 
capacity, the opportunity cost on the nth channel is tow and the operator is likely to make a 
profit through leasing. In addition the Channel leaafrtg rate wtTreftect any additionar system 
cost that the operator incurs in providing the channel. Significant additional costs will be 
incurred by the operator when channel space becomes scarce and the need to increase 
network capacity arises. This is a capital and labor intensive process and will have to be 
addressed by the local and state authorities. 

Although it is true that the quality of each service is likely to affect the overall subscriber 
impression of the cable service, the incentive to the new services should b¥ equally higfi to 
improve business and provide as good service as is necessary. 

There issome hesitancy on the part of potential service providers to actively support Leased 
Channel Access Requirements, due to the potential negative impact on joint ventures, m 
particular, Leased Access requirements might establish a precedent that would later be used 
toprevent exclusive Joint Ventures between a cable operator and a service provider. 

Many implementation questions will be overseen by local cabte authorities and are therefore 
addressed in the following chapter on policy guidelines. 
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5.3.6 Telephone company dross ownership 

The FCC adopted a ban on local telephone and cable television cross-ownership 1 in hope 
of encouraging "the full development of non-cable services (e.g., data services) that could be 
substituted for traditional telephone sen/jces." The was.iifjhejd ja Q** e & ^tephone Co, of, 
the Southwest v. U.S. 115 . It js op tr»s same t^is trtafccabte pj»era*!^iiHgMbereetricted|«Hn 
exerting monopoly control over the facilities. 

The access charges to local loop facilities are of increasing importance in light of the 
proposed separation of Bell Operating Companies (BOCs) from AT&T 116 . It is possible thaj 
the BOCs will be allowed tp enter the cable market. AJtemaJtMy tlie telephone, companies 
might lease channels from the cable operator. It is not evident to what degree the telephone 
companies will pressure the state PUCs to more heavily regulate cable. The aggressiveness of 
the cable companies in offering high speed data services wili invariably affect this outcome, 
but how is not so clear. For instance, if cable operators are slow to offer these services the 
state or federal officials might open the market to the telephone companies. On the other 
hand, if the cable operatorsHajjgressively enter to*d»t^cojT3pM^»Mo^*na?ket8 and threaten 
the telephone companies, the state off k^aJsnughtenf wee ^ 
pressure, or in protection of the local telephone companies, 



5.4 Privacy --Wiretapping, intniskm, Misuse of Inform ation 

Centralization of the control over content and carriage also increases the dangers of privacy 
violation. All home information systems are a danger to personal privacy by the mere fact that 
theyprqvide a channel by which information can rtaw from wftfein ppejs home tpSNspMtsW* 
world. But the more direct theKJonnection between the mlfam&m sonroe au# smly the? rnqie 
motivation there is for«vasipn of the ^iyjduat'sjwvacy^l) A Nmh ^ and OA» .BoHter describe 
four types ol exposure that cor*sujt»ers,Hf^ «ted*ai intrusion, 

interception, misuse of information and aggregation of individual or household 



1 14 47 C.F.R. 63 **«; ttoport and Order in Docket No. iBotie, 21 FCC 2d 30*. 306 

115 449 F 2d 846 (5th circuit, 1971) 

116 AT&T v. U.S., Consent Decree, January 8, 1982; Justice Green presiding 



97 



information [45]. The diversity of channels Jhjp^h whlphwe currently communicate with 
others has helped to shelter us from these abuses, i.e., telephone, postal mail, on-site 
business transactions. 

Cable systems pose privacy prdbfems, *dme of wHIcn ate common to many etectronic 
communications, ihformaflen, and transaction seivtees, and some of which are particular to 
cable. Problems which arise from wiretapping cup&nm ire hot J (foaJrta«v«ry drfferehr than 
wiretapping on the telephone system. 117 Encryption can provide a solution to large users 
whose volume of communication warrants the cost of encryption equipment, but it is not likely 
to be feasible for private resWntysuf^ enciyption devices such 

as theData Encryption Standard (bis) is economically pi^ical 1 ^. The network itself might 
offer encryption as a value added service,' n'i^'WftiluuJtoty the front end costs. 
Currently, the cost of operating this value added service Is considered prohibitive for most 
systems. In conclusion, the problems of secure communications and wiretapping are 
compounded by foreseen cable data communication services, but are not unique! 



•""!■•:•• ,!.:■> ';Vi ■■ :; -•' *■- jf:r--^ *H. 



IntrrSsfOn via me commontoaHwi*'medla Is a War that te deeper than a "1964 paranofcr. 
Security and flcmemOWtt^g s^^ altform a 

new avenue for the flow of informatlih^bT^&o^lrV^ 

information, which is not regularly filtered by the residents. This fear has lead some service 
providers to give the resident the capacity to turn off all monitoring services at will, but in 
ga^e^thean^erhn * got*** ftftl andafcwfia* tranBparen*fatiie/»skJe^. >fcia likely that 
the only alternative to intrusion for those who are cognizant of it, will simply be non- 
participation. 

A tess-direet.butptofound fdrm dr~fmntfr«V''wM i -«a«Nft < «rd^'1i« misuse of information 

cowectwrftfrnftteho^^^ 

individual subscribers On some systems fhaf ^ Mg^<tentraHi^i %i»wo«W inckKie the 

information retrieval, ar«f t r ansom* Tiatifo of lirt)io1«efi.^Tr«^^ofp^^ aggregate and 



-r.< 



117 Although. as described in Section M^ wjrejuota and traffic anjtafe are both ^ntflcanfly easier: on 
shared channel cable systems. a ™' " ^ T ' K wto™*^ ■•"-■- ' ^^5^b t-.^sR :JW.-. * ""— " 

To some extent, it will not become practical untH the residential market 'exhifefta fa demand for secure 
communications, i.e., that there is. «MH^pnR-|> ftp ^% ^.9WJ^<^g^M|| ,„ 
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individual data by marketing firms alone could lead to unfair and Invasive generation of 
special interest maiting lists. The misuse of information by credit and Insurance bureaus is 
already an issue of public concern. Prevention of the miiSUse Of catsleo-ata would benefit from 
stronger and more enforceablegenerallegislatiort; %M addition, because of%e ease with 
which valuable ^formation dan be gathered on cible systems, an^because this fnformatibf. 
can be gathered from points other than the headend, tte^yiwms might' require close 
monitoring by federal and iocal authorities, this wilt ;bfe (hi i toe4rttere^t of both subscribers, 
and the service providers, whose services wiM «ye*$yai.y ^^ sutttr6Sifl^*ca^iy, if the clientele 
cannot trust the security arid privacy of their cc^utfl&rtrdris^ Winter ^^^me^te proposed 
the code of privacy shown in Figure 5-0: 



Warner Amex code of privacy 

Warner Amex Cable Communications has prepared a privacy code detailing the 
rights of subscribers on it» tvdo-war aablfc lelevitfon service 



• Warner Amex shall explain to its 
subscribers theirtfdrmatiofriathertng 
functions of the cable communications 
services m«f provided; 

• Warner Amex shall maintain ade- 
quate safeguards to ensure tfce phlli- 
cal security and confidentiality of any 
subscriber information. . 

• Warrier Amex subscriber agree- 
ments shall include the following: 

Individual subscriber viewin'g'dr 
responses may be recognized only 
where ne i e wr y «d peWnU biBihgor' 
to render a subscriber service. Any 
such information will he kapi 
strictly confidential unless publica- 
tion is an, inherent part of the 
««Fvie« *>.**.. iiwettiemt » *«™ 
show prizewinner). 

No other intfrvlduWiied infornta- 
tion concerning viewing or responses 
will br d«v<l«pediH/Atsjs t«* sub- 
scriber has been advised in advance 
and given adequate opportunity 
not to ^participate. 

• Warner Amex may develop bulk 



(non-individual) data concerning 
subscriber service* for usilrl tfevelof* > 
ing new services or improving existing 
services ■ War»er> *1» **«*f»t*5 - 
such bull data available to third 
parties— whether affiliated or.non- 
affrKated wit* >lrWMr'Aine(u^«MN' 
out first ensuring that the identity of 
inctivMteaJs il«*>« •»»*■■■*•*! &»>*, 
the data provided. 

• Warner Amex wiU refute mruests 
to make any individual subscriber 
informatiqn available to government 

'■ageno1e#4fl Mte ateetor -Wls^fMfiSnV 
pulsion, i.e.. court order, subpoena. If 
revests for such inflation at* 
made. Warner Amex will promptly 
Boiifv the subscrjber,Bciot taresjiofld-. 
**ig * tternlrrSsd <o do "so HyTktw: 

• s Subscribers may examine and copy 
any iftiorrtaifon'd^lopedtoWariirV' 
Amex pertaining to them at Warner 
A«fx; nrermarn upon reasonable «"- 
tice ana during regular business hours. 
Copying costs *ha|l Jbe Jbowf by lhe 
jubtdmet. •' WtartteV AinM lbs* rtrrect 
such records upon a reasonable show- 



ing by the subscrroef that infomiatiort 
contained therein is inaccurate. 

• Any individual subscriber informa- 
1 «JoB*fl<*tir»Ui«d for only as long as 

is reasonably necessary, e.g.. to verify 

• Subscriber mailing lists shall not be 
made,AY«'l>M»uUO thUd pa«i*s- 

Wemr'affffla«tfc% nonaffiliated 
with Warner Amex— without first 

,«fortrtWgj«iilrt«aibeC» with the op- 
portunity to have their names removed 

,froo)j|^jjjists. ! . Vi; -;...-.,■:.: ■ 

" • Warner Amex shall comply with 
apntobje federaUta»eand local laws 
T*i^i§^t*ctrber pYivacyand shall 
adhere to applicable industry codes of 
eonduct ivhteb projmoit or enhance 
subscriber privacy. 

hftiWrU iHK#» wh <* patljcipw* in 
providing services to Warner Amex 
subsaiheo shall hjw«uired u> adhere 
! ToWc6rfn»ny»'Cod1f«f*Hvac>- arrit 
all Warner Amex arrangements re- 
garMht: «ar*3*fvice« *«*» Ipeeifically 
incorporate this Code of Privacy by 



Warner Amex shall continuously 
review and, ,iyxia,tc its Code. of Privacy 



to teefr ctlffeht with technological 
changes and new applications. 



Figure 5- t: Warner Amex Code of Privacy 

(Cao/evMon 118 ).. , 31 , 

Although this code is an important step in industry recognition of subscriber rights, it does not 
ader^ately addre^ iyvp p^i^^ "SWWm $ ^ e °^ te operator sells 
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CableVision [65] 
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information services, access to market information which is specifically restricted from other 

parties, j.e./Mndividual^ed irn'ormajtiori . concernjrjg viewing % responses/', can provide the 

operator with a ponp^tlye, advance pver ot^ issue is the 

storage of data in a form that is traceable to individuals. If information is noyo be? used for 

p^ppseatpj^ertharvbi^ 

be stored in.stetistically aQflregated form|40j, 

All informal 

by any independent access corporation, other than billing information, 

shall be stc*^ot%*saggregated<8^^ 

as to u^ividuaisaxcwt to ^extent flowed by the priw written 

consent of the subscriber... 



5.5 Summary 

Federal cable television regulation grew during the t960's and early 1970' s, culminating in the 
1972 Cable Television Report and Order. Str^ th^hii19^ 

Throughout this cycle, regulatory and deregulatory provistons focused on cable television as 
a one-way video distribution technology. Neverthete3S, »>e fundamental regulatory issue that 
remains unresolved, namely cable television's statue as a common carrier or broadcaster, is 
also the issue of most significance to the application of cable television jwtwdifks to two-way 
data communications. Structural regulations have been proposed to eliminate the potential 
for conflict of interest on the part of the cable operator. These regulations would assure equal 
access to the distribution medium while at the same time Isolating content related decisions 
from government intervention. Separations, eliminates this conflict, but the cabie industry 
believes that such severe action will leave eebfe ojterafprs In an economically uncertain 
position. Leased channel access is a limited fd>i^ dtiipatations that is roore acceptable to 
the cable industry but which might entail more cumbersome rate-setting or monitoring 
procedures. We support prompt construction of sttticlural regulations that will establish 
cable television as a local distribution medium; accessible to a multiplicity of voices and 
listeners. 

In the final Chapter which fottdws; we integrate %e #DhWcal«rttJ regulatory information 
presented thus far into policy recommendations for city cable authorities. 
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Chapter Six 
Gutfelineaterro 



6.1 Introduction 

In the introduction we discussed the applications that might motivate cities and cable 
operators to implement d*U swn*wniai0*» >ar«l^io»rt»^iltl««Wt.«*No*4, k» 
subsequent chapters (see Chapters 2, 3, and 5) we discussed the technical capabilities and 
operational mechanisms that are needed to implement these applications: The local 
governmerft^ a designated cawe authority, ataxias* tfHTtfieigit bjW operatienofihe'city 
cable ne^prk'through the franchising pr<^ss, r inWfn!i J^ie^s p| |^r|prmance, and the 
refranchtsing process. There are many requfeefeent»*tfiCorieeTr» which the; tocel cable 
authority rnW consider at these times. bUe to pdlra*^ a 

subset of, these can be adrffeased and implemented. We h*#»oto, aid Jpoat authorities in 
identifying and addressing those re^Wremehts'tfiat are ^ of g^esl^rl^ence to the 
implemento^on o^ data communicatiQ^^ 



'Si 



Data communicattorts capability is v#e^«»^^ 

network because it is the basis for provision of information and transaction services to 
residents, as.weH as high and medium spee^J |lat%jp^n)un^gion^ ap£ networking to 
institutional user|. It is ^npl.-fvKi^ijt .. : t«^ J9f|?a^. ^W"?^ l 5S??^?''?^f l ^cJ ,,a Wl i for W ate detailed 
specifications for this infrastructure in order to achieve the community's goals. 

In this ct^pterwe discuss the retevajTice o^daja com^^|t^ ^i|es tq the satisfaction 
of city goafs. We **t lidenWy pwttaatar goateaiKkdeiiw fceirAapli^toisi^ use and 
operation of cable networks for tiafe co^toifeatfoh "WmgPfti^pieiiafld highlight 
the technical capabilities and ^sam^^W^m^m^i^^fmm^ &\Bfy*J»r thesity to 
realize these goals, ahtflhtftttieqrthe cabfe 1*WW*^^^ the 

implied capabilities and mechanisms. .W^, refe; 1% jaa^p§,^ s CJWP^| | and 3, for further 
discussion of technical details. 
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Throughout this chapter we present cases in which it might be appropriate for the city cable 
authority to exert external pressures on the cable 1 operator. We wish to emphasize to cable 
authorities the detriment that could be caused by cvercommitting the cable operator. 
Overcommittmenrcan resuirfn arf b^eraibf mWis unable* tdScqyiVfM is unable to 

complete construction. Over-ambitious specifications may also discourage the best- 
equipped vendor from bidding; leaving only the uninitiated or dishonest vendor to bid. 
Therefore, the authority should be prudent in its demands. 



6.2 City goafs and the rote of data services 

Two fundamental city goals can be served by data communications services: 

1. To provide residents with enricrung faeries and eervK^ th^ will both raise the 
"quality of lite" and contribute to the economic status pf the city. Home 
Information services carf provide ^ ddnvenienc^, ieMf^illmelit, access to useful 
information, and formal education. «,* two-way citole ieiewsion network is an 
economical and powerful means oJ( trensmj^g these services (see Chapter 4). 

2. To provide an environment that is attractive to the business community and 
thereby contributes .to. the strength of the economy of the t#y. Hjghc^pabU%, low 
cost, business communication facilities and services enhance the overall 
business en^ohment, partfeu^rf^ frl i Mgrrr of Wfe&siiiti 'use* of cdmmuftfeatfrtg 
office computers. A two-way institutional cable network is an attractive 
alternative to the telephone comjjeny'a locahtoo^/beth in terms of performance 
and economics. 

Once a city decides that these facilities i fire In fact desirable, there is a second tier of three 
goals which concerns me type and quality of service offered via these facilities: 

1 . A maximum number of servers - information and service providers - should have 
access to the facilities in support of the first amendment goal to promote freedom 
of the press; onefacldr m p^ 

the "public" media by a diversity of voice*. To metend; ttw cable operator should 
not be the only ,%Qfaj pro^^pq^e^nejw^k,, r^sboukj! , ft hav*,tbe Power 
arbitrarily to exclude other service providers. The operational policy needed to 
realize mis goal* structuraf TOgolation «tfW as teased etcefts that w4Hefiminate 
the conflict of interest wi^ch .ariees ^ &mfo i9 wfrifi&k oe/iteni^and 
carriage . The technical requirement implied by this goal are communications 
fccilttiesmatstipp^^ 
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Cable authorities may find that additional economic regulation is needed to ensure the effectiveness of leased 
access policies, see Chapter 5. 
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2. The maximum number of residences and businesses in $e community should 
have access to services at the miniwitinwieasonable rateer***! rates that are close 
to the marginal cost of providing service. The potential monopoly ^ovyeepf the 
cable operator might lallow^ther' operator to set prices above marginal cost. 
Therefore, the city should actfyejrf promote competitive rate levels arjd structures 
through promotion of competing service prevWers and transmisfsion media, 
where possible, and through i mon^nf ; «j ^^as^ji^^^ieamp^omM not 
feasible. In addition, it should not encourage pverbuilding^hjfc^i^l^ in 
excessive subscriber rates. 

3. The city should not 4 bej precluded frofruenjayjrjg M"* jSe«*iees because of 
obsolete facilities. The^fo»7^4 c ^^ m ^ ^•^iM*""? 1 constructed to 
achieve (or at least not i^WBted^lfexibility, perfbrma»e»^M»ir^um cofcts In 
the long-term, as opposed tor&W^ic functions and iWriffggfp^dstsj ip ^S ^ort 
term. The city must unde«U8id i the technology sifffaefjlty Hjo ^BlaJiB the . 
proposals of the operator and to formulate demands jmat-will-eff or£* long-term 
yet reasonable investment .onitne part of the operator; in jaarticular, network 
corifiguration, reduction of «^|trfeam noise, ^*4mti^&^*r addressing 
capabilities. * 

Data communications requirements must be balanced with other community goals relating to 
cable television; namely, influence over programming decisions, rate setting, channel 
capacity, and local origination facilities* < 



6,3 Entry points for jpjjnipi&al input 

Cable policy at'the focal level Is tradltlorWry ferinutatec^and WflM&nlsrtted Via the francfiisin{j 
process. The local cable authority ib^^W 

for proposal (tiFt») and selects from *m1$hg the respBdlrlQ %a$fei^ratbte The cable 
network criteria proposed by the city are then modified through a series of negotiations with 
the cable operators (see Figure 8-0). 

By the end of 1982, most of the major &&1rifatf&'Wi^&ffilh^tito franchising 
process. Thereafter, local governments will use interim reviews and relranchising processes 
as the forums for establishing cable policy, in particular for overseeing cable operation and 
expansion (see Figu/a 6^q,,phasf! 6). , - x , , M!a m 

Franchises granted in thf mid and late, 1960'? are coming due for contract renewal. These 
systems are primarily six to twenty channel rtetwdfkel«wted m*mtt are*s,M*hewi catote was 
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PHASE 1 
FonlliorlioHan 



MAX t 




Figu re 6- 1 : Cable television system franchising {Cable Television: 
Franchising Considerate****) 1 ! 

installed because of poor over-the-air television signal reception. Systems located in densely 
populated areas with large potential cable markets will be rebuilt or upgraded into higher 
capacity systems, particularly those currently in th&shW twelve chartrier range, those areas 
that are sparsely populated do not offer large enough markets |» warrant installation of high 
capacity two-way systems. Therefore, in these cornmynities, cable pperatprs are unlikely to 
install the higher cost faculties necessary for two-way data communications capability 122 . 

The post-1972 123 franchises typically have 25 or more channels and therefore many of these 
systems do not require rebuilding. Instead of developing specifications for a new system, the 
cable authorities will use the refranchising process to: 
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Beer, W. {8] 

■J22 

In 1980 there were 358 systems of 30 channels and above, 758 systems of 20*to 29 channels, 103 systems of 13 

to 19 channels, 2,793 of six to twelve channels, 151 systems of below six channels, in the United States [46]. 

In 1972 the Cable Television Report and Order established technical requirements for cable networks for aH 
new systems that would serve awer 3590 subscribers, see Chapters. 
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1 . Ensure that franchise promises have been implemented . 

2. Propose new system capabilities. 

3. Establish or modify operational procedures. 

Most of the post-1972 franchises also provided for jnterim reviews by the local authority. 
These reviews can also be used to mopitor cable operator performa^pe in meeting francjiise 
agreements, negotiate fpr addjtionaJ capabilities, ajri^yide a^annel for community 
memrjers to express desires tp *e operator. ^ v 

Although interim reviews and ^franchising negotiators' are in some ways similar to the initial 
franchising process, the scope of issues to be resolved is corisidlBraiiy nan-owed. For 
example, instead of overseeing nehwork design and ^n^^ipji, the cities oversee 
upgrading, or at most rebuilding, of the existing network 124 . In addition, if the cable operator 
has performed well, or if the franchise is an exclusive one, the city might forego the operator 
selection process. 



Despite this narrowed scope, substantial issues remaW for th#e»ty <SaUie authority to address; 
in particular, unsatisfactory or deficient operat^naip-ocfdju^,^ U^hpicaJ capabilities 
(see Figure 6-0, phase 6, performance monitoring and operation). Many desirable technical 
capabilities were not impleinented in _ trie ._ '«^i^B^'/<^|^v^ .-N^H^^i^F^'- tw?^?Pr eHhar 
unforeseen or consider** tc>o ritfiy l>y ^^^ nwi 

services). Most refraricMslho? demands xto ndt enWthe Win ^costaf that initial cable 
installation does. Therefore, depending upon the specific market characteristics, the operator 
might be more able and willing to implement capabilities which have longer payback periods 
(ibid, phase 6 negotiation of system exparision). Also, depending upon ^^^the cable penetration 
figures on the existing system, the operator may actively seek new features which will attract 
new subscribers. 



124 For the remainder of our discussion refranchising will refer to those systems that only require upgrading and 
contained amounts of rebuilding. The refranchising process for systems which require extensive rebuilding or 
replacement will be considered identical to an original franchising process. 
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6.4 Community requirements 

Two-way capability and leased access policies are necessary to ensure implementation of 
data communication services that will serve the spirit of the community goals discussed 
above. 

The application of cable television networks to data communications presents complexities 

and uncertainties which exceed the expertise of most city cable authorities, as well as most 

cable operators. As Baer and Pflnick point out, technical specifications and operational 

procedures which were acceptable in the past for entertainment television are not necessarily 

adequate for data communications applications [81. In additipn.the larger capital investment 

necessary contributes to the financial burden of both the operator and subscriber. 

The heart of the problem is that a cable system good enough for TV 
entertainment may Simply hot be "good enough for many iiohentertainment 
"Services. 

Communities have no easy solutions to turn to. Since most new services 
are, by definition, untested at this time, franchising authorities 
cannot specify a cable system design that will meet ail future 
requirements. Th« more a©xibi^afKlth«nwe«JnrK»em standards 
they require, the more the system will cost above one oriented 
primarily toward entertainment Services. 

Most cities have not faced the question of who will pay this 
additional cost.. .(If) the added system cost cannot be justified 
initially, francJwsmgautrwitieesh 
future: 



In the following section we draw on details provided in earlier chapters to qualify and bound 
the rather dreary picture painted by Baer, et. ai. their statement is representative of 
uncertainties which were pervasive in 1975, many of which can now be resolved. The 
technical and market uncertainties create financial uncertainties which inhibit investment. 
This discussion should serve to encourage such investment, where practical, and to promote 
intelligent construction and operation of the facilities. 
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6.4.1 Technical requirements 

Two-way capability is the most fundamental technical requirement for data communications. 
As we saw in Chapter 2, two-way capacity can be impterttented in many different ways, 
resulting in widely varyirig capabilities. Therefore, many dtteswhfliMttnsufftcienttO specify 
merely "two-way capability" in the review, refranchising, or franchising processes. The extent 
to which the cable authority should establish the technical specifications for two-way capacity 
is unclear; but, cities must at least deepen their understanding of these issues so as to 
prepare themselves for evaluating the cable operator's plans and performance. In this 
section we highlight points made in Chapters 2, and 3 in the context of formulating local 
policy. We refer the reader to those chapters for further discussion of technical details. 

The^FCC has identified four classes of cable television channel, the fourth of which refers to 
Upstrearti transmission 126 . A Class IV channel is defined as "(a) signalling path provided by a 
cable television system to transmit signals of any type from a subscriber terminal to another 
point in the cable system* This definition does not specify many capabilities that are 
necessary to implement the data communication scnemes described In Chapter 2. Not alt of 
the requirements discussed in the following seCtiOT neWbe^rrlahdated b^ the cable authority. 
The cable operator will find many of them attractive ehough % adopt without external 
pressure, and others can be added incrementally. But, the authority should "understand the 
technical tradeoffs sufficiently to Identify those capabilities that Sire fundamental to the 
implementation of data communications Services, that cannot i» added mcrerfteritalfy, and 
that therefore warrant long-term investments. 

If the operator is motivated or experienced in two-way data communications, then the city 
might confidently leave many of the detailed specification to the operator. But, Cecity must 
make certain that the provisions agreed upon are sp^clfted in eWOugh detail to ensure that a 
system results wntch will accommodate the types ol "sWvices desta by the CdrrrmunltyVin 
addition to those desired by the cable operator. 



t28 Tne first three classes of cable television channel are defined as follow: i^ass 1 channel carries one-way 
signals thai are received by the operator over.the-air or are obtained by«^o*f§Me,or toy direct connection to a 
tefevision broadcast station; a Class II channel carries one-way signals that can be received by a television broadcast 
receiver without the w« qUrt auxiliary decoding devioe.lBnrtt&Bt are notfpart ofcoaafedcaat tranamtasion path; etassa 
III channel carries signals that are intended for reception by equipment other than a broadcast receiver, or by a 
receiver that is equipped with special decoding equipment [15] 
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6.4.1.1 Engineered for data 

In Chapter 2 we identified the design parameters that must be implemented in order to 
accommodate data communications on a cable television network. We review them here in 
the context of franchising, refranchising, and interim review processes. 

The two-way communications capacity available depends, in the first instance, upon the type 
of two-way amplifiers used. Subsplit amplifiers are typically used in residential networks and 
will accommodate four upstream TV-size channels. Some cable operators may prefer to 
satisfy two-way requirements with a hybrid system which uses the standard telephone lines as 
the upstream channel. Many of the transaction services envisioned for the residential network 
require only limited upstream transmission. The limited data rates economically achieved 
over telephone lines (typically 300 baud, see Section 4) will be adequate for these 
applications. In particular, hybrid facilities will allow the cable operator to offer pay television 
services without having to implement "real" two-way transmission capabilities on the cable 
network. In the long run, we envision applications that will require larger bandwidths in both 
directions (see Chapter 1). In addition, as we discussed in Chapter .4, it is not desirable to tie 
up the only telephone line into the home. Some cities do npt envision heavy usage of two-way 
services in the near term, and would therefore agree to the use of hybrid facilities to fulfill two- 
way franchise requirements. It should be noted that in so doing the cities may significantly 
reduce the cable operator's incentive to implement "rear two- way capabilities in the future, 
namely by enabling the implementation of pay-per-view services. The authority should be 
aware of the limitations and implications of such a decision, while appreciating the positive 
economics of the hybrid approach in some instances. 

A primary requirement for two-way transmission, in addition to the presence of two-way 
amplifiers, is minimization of the insertion noise on upstream channels. This is achieved by 
minimizing the cable length between the head-end and the farthest subscriber. The system 
configuration should resemble a hub, with radially extending trunks, as opposed to a 
Christmas tree or snake with long winding trunks. In larger communities subhubbing, 
multiple hubs interconnected by microwave links or cable trunks consisting of lower- 
attenuation, higher-cost coaxial cable, may be needed : to cover the expended geographical 
area. In the case of refranchising, system configuration decisions are constrained since 
facilities are already in place. If the system being upgraded to accommodate two* way 
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transmission is poorly configured, other mechanisms lor reducing noise on the upstream 

channels must be brought to bear. These engineering details are primarily M the domain of 

the cable operator and should be recognized as such lyme cable ^au$Uity. §ut, the authority 

would do well t P understand the implications of these Jundwn^|Leara^ters so that 

operator performance can be intelligently monitored; s for. instajice^ when reviewing the 

proposed cable network layout, me authority jshouid why multiple 

hubs and pther design choices ,were f or y^^^f^.J^p^^w} excerpt from the 

New Orleans cable franchise which o exemplifies., how^ ^ ^i^ ^rovis^ might be 

inqorp^rat^intpafr|nch|s^dPPum^t[20]: - nn , M ,, !f <( 

If necessary to prevent the bufld-yp of npise^and t d^ortJon aj , t 
products! me area ^ 

to a¥*rit»«*ii© ) w*lhm tk#area M&v**tetto*mmm6mHO\Wf 
addressable taps or switches may be utilized. - 

As we discuss in the Sections 2, and 6.4.1.2, the last provision, which allows the use of 

addressable bridger switches to combat insertion noise as an equivalent solution, may 

preclude the use of some addressing schemes. This is an example of the need for tnorougn 

understanding of technical tesbes c^heWto»^camawm6^ty. 

■ -,.-. .. - ,.- ■ -.-■.'i'- .(v., v ■■■■■■:;■■) ;MuL- h ^nr :•! ,•• '. ■- : . ...•■- :r ■■'■.. ■■ : \- 

6.4.1.2 Addressability and access methods 

Addressability is needed to support payperyj^ 

interface must identify -the user.unifluely to the hefdfntl iQ^^^am-j^ectAo/v^ biljing.. As 

was discussed in Chapter 2, the^add/esjing scheme .le^ge^djaj^r^ 

performance of communication services on the network; in particular, it determines who can 

speak tofwhomlnMwt«aW*op«»«tor8 ar«r«*«ml»i«Jlate^!ih6ll\«idfte Hweat l»f addressing 

capabilities which wHf accommodate a«y.to-any MMMtmitttloftstia^a^ isaey* 

undeveloped- Tha caWe«uthoiill»8>mii8t evaluate *» needs and desires -oMheir community 

to establish the ia*med»Mye*deiw«idvOf pot*rt^^ 

authoritfes must be careful wot to overextend the operator htan urtptovea market. 

Many technical components of addres^bHityca^bfl.addad tohtb*, fy$em pn «n mcremeotal 
basjsae,, 'nterface^^ 

cable plant that might prohibit implementation of particular access methods. For example, a 
contention channel cannot be implemented on a cable system mat depends upon bridger 
switches to limit upstream noise. Contention channels must be continually open for 
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transmission and are incompatible with the on and off switching experienced on a branch of a 
network that uses bridger switches. Therefore, the provisions in the New Orleans franchise 
mentioned above may prove inadequate. 

Multiple two-way access methods can be used simultaneously on a single cable system 
through the use of multiplexing techniques. But, given the small size of the existing market, 
initially there will be at most one data-communications based service, using a single access 
method, ori each residential network. The city faces a choice between polling, hybrid, and 
contention access methods; the trade-off is limited function versus higher cost (See Chapter 2 
for comparisons of access schemes). Institutional networks which are largely dedicated to 
communications services* as opposed to information services, can and will support many 
access methods simultaneously; the methods used will initially be determined according to 
the demands of large users. 

6.4.1 .3 Reliability and maintainability 

The level of service, i.e., transmission performance and overall system availability (see 
Chapter 3) expected by business data communications users exceeds the level of service 
expected and delivered to subscribers on a typical residential network. Similarly, expectations 
of residents will increase as the residential services provided over the cable evolve from 
entertainment services to household business and other professional services. The cable 
operator should be sufficiently concerned about service presentation to make the necessary 
provisions because of the potential impact bn market demand. 

Reliability measures consist of buHt in redundancy and ^agnostic capabilities, as well as 
security provisions for isolation and o^f^ erf service to rrtaticioua or malfunctioning units on 
the network. As with ether factors mentioned, the lorjgteriK nature of the investment 
necessary to improve service might deter the operators front making the necessary 
provisions. In addition, as W. Baer notes, "...it is extremely difttcutt and expensive to "add 1 
reliability to a system at a later date." [8]. We do not suggest that the cable authority attempt 
to take on the task of designing the hetworfc forth© operators: rtathen%e authority should 
raise such issues and gathef enougrfexpertise to Judge the responses 8f the cable operator. 
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6.4.1.4 Communication services 

The cable operator should have the capability and commitment to offer both communications 
and information services. On the institutional loop most operators do intend to otter 
communication services, and the facilities are being designed accordingly. Although 
subscriber-to-subscriber communications on the resWenttf fl**J*^i^y^1"* BW * rt -' or 
most o«K»mMnities.6ubaoribers will desire oomBaM^i^ttonfl ^ v 8Qj*%parties oiberjjan tye 
cable operator,**, banks, aifUnes, inforirw^^ssefvicefei^luiSallqRai sad .governmental 
agencies. The technical Wraetruoture r*ce***r* Jar .oomrwefca^^k* 8 includes 
many-to-wany addressability, i.e. higher lev* w^oc*^ ^^cajRa^ication among 
subscribers and multiple servk»j|H*Wid«fs, <Jn add-on tfc mmm$W&WMkm Sections 
2 and 2.1.2). Communication services require that the operator not involve itself with the 
content of communications; i.e., the operator behaves like a specialized common carrier. 

As with the telephone system, institutional usew M^wai*^e\ap!t^>(^^tachiftS privately 
owned equipment in addition to that leased from tie cable open**, a© (long as » does not 
disrupt, endamage the network.: CSties should «i»oufai^th»iepw«lerDlirofler many service 
typesi-notjust private channels or*the^s*toii0B#:n^^ users* 

who generaJry do not naqtsm .private channels, tcKlaefleftt feomtS«WK»Si irK*ddi«on to larger 
firms which generateeneugh fra*fic**astif^itoeei©fli as eoiice <oheft*e^$P long ae the 
network Is weU ueagineered for data, cpwewoiceJiom b*>ecHication .of particular 
communk^c>n6 services car* occur onjaaexperimentaliawl increment** toesja. 

6.4.1 .5 Interconnection 

InetHutionatuaers wiH require iateroorwection^ithJjang^haul pejhvp*ks, while residential users 
wiU deswe interconnect^ with neighboring mm**!M^><!l^.Vmll&W& l & *&m> 
is rieoessary; higher, level «|mmunica^pro^ ln 

order to aHewseffeceve services to jtevf*W- p* «#*4Kb ^(^.auJborities should 
participate in standard-settioQ activites, tfcr»fi|e*en|*e*ce^ to what is 

today an industry- oriented process. 

The number and type (oyer:the-air, local origjnajiqn, data) of^annete interconnected can,fee 
specified by the authority, leaving final decisions ta«1l»e t %pewrtef*, *<4» aoewdance *>ith 
restrictions on cor^t *egulaikHi fr^G^ 
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microwave links) and operational procedures can be implemented on an incremental basis so 
long as provisions are made for city input. The cable authority can also enforce a timeline and 
reserve the authority to review channel selection. 

6.4.2 Operational requirements 

The application of cabinetworks to data communications requires more than upgrading the 
technical capabrHties of irm system. As discussed in Chapter 5, use of the cable for data 
communications applications blur the dist^ctSon between common carrier and broadcaster. 
Therefore, In i establishing the regime fdr data, the cities must address structural and 
operational issues in order to ensure the best use of this medium. 

6.4.2.1 Leased Access 

Leased access provisions have been mciuded in many franchise contracts, but as with two- 
way requirements, their meaning is unclear without the mechanisms to implement them, in 
Section 5.3.5 we di§«iS8ed the importances of teased access to the operatkin of data 
communication services via cable. Gable operator rwve sr«wo considerabie resistance to 
leased access provisions, but unlike resistance to other city demandav *H* not primarily due to 
the fmartdaiiy burdensome nature o* the request; unpieoiematioo^ leased access. channels 
entails minimal costs beyond the opportunity coat *©f other charm** xises 126 . Given the 
abundance of channelseii newer systems, thla> opportunity costisnot yethigh; aithough as 
the demand for services grows, this opportunity cost will grow. Regardless of the opportunity 
cost, cable operators are wary of the inflexibility that leasing of channels implies. 

The cable industry as a whole is concerned about the precedents set by leased channel 
access; namely, legitimizing programming control ever*por«on oi th^communicafion facility 
by a second party, and rjehaving in a rrwnrwr which res^r^tes a common carrier. TOhe idea 
of first'come, first-served on% cable television piarrt, ass^rning that's what leas<rtg means, is 
pretty distasteful" m . Orte4w^r^ ?©f, has a e^eVpomte policy noH© offer 



^The opportunity cost is equal tothe revenues which could have been received had the chahrtel been used for 
another purpose, such aa pay p e r view services. . 

127 

^LarryHowe, Vic* President iATC, a multiple system oewtor. Cftad WiCaWatfaton, (MJ. 
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leased access, only to offer joint ventures. This is in support of their beHef 1hat, in accordance 
with first amendment rights, the operator should retain control oVer all programming on its 
facilities. Others in the industry feel ihat « leased access feHeJeeted, the risk is greater that 
cable operators w» be toreed into cdmrnon carrier statt* 12 *. Still others m the industry 
consider leased access as an attractive source of revenue through leasing fees, and of 
increased subscriber penetration due to the enhanced services available. 

In many cities..*? one has yet requested to lease a channel, Jh& situation wiu begin to 
change when data services are implemented. Data, seemingly more than video, lends itself to 
entrepreneurial endeavors; "note 1 the diversity of parties ihterested In videotex and teletext. 
This is partially attributable to the ability to target and charge uaewidfrectiy.? To date, the 
newspaper industry has expressed the most interest in leased access- They are joined by 
security companies, other information providers, banking institutions, and local broadcasters. 
The American Newspaper Publishing Associatidr (^r#*^) h reboffe that more than 60 
newspapers have arrangements with local cable o#efato|StQ program new? and advertising 
services. Of these, 48 use one or two channels on a full-time basis. Joint ventures between 
the dibie operator and the newspaper accounr fb* t3 of these, and teased access 
arrangements account tor the remaining 35. Othensoperate on atocal origination basis [52}. 

Implementation mechanisms for leased access have nol.yet.been e^Wfshed. The following 
example of a, leased access provision vi toe r r^w,J0rlean» > franchl6e^ddresses ! tiie potential 
conflict-of-interest p* the cable operator, but does, not address, pricing or technical 
mechanisms for its solution, {Note that as a cpnce^on^to the£3b^ pperator, the franchise 
contract explicitly states that the provision of leased access by the operator shall not 
contribute to rtsbeihg etassHled as^t cwnrnor* carrier^ f20]: -^ 

Grantee snail offer leased channel eewiee on the Home SMbeertbw 

Network to all rasidentiatand institotipnal subscribers # ,, 

non-discriminatory rates and on reasonable terms and conditions. 

dranteeshail riot use rtspositioh^asa cabii corn1ifiun1catl6i^ f «^*8m • 

operatortec«fi^Je«8ed<5han«e|se™ 

wish to offer a service competitive with services offered^ by Grantee. 

Nothing cbntainedneriernshal^c 

operate as a cemmoftcarrier rior shaJbGranieebedBHroed tebeengaged 



128 StepM>n Effros. executive director, Community Antenna Television Association (CATA). cited in CableVMon, 
[52] 
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in such operations, 
in the recently settled Boston franchise, the local authority has attempted to eliminate this,, 
conflict of interest by giving control over operation of the leaae^ access channels to an entity 
that tsentirely separafeirom the cable operator, the Gable Teteyiston lAcceas Coalition. 

A number of difficult issues must be resolved in order to effectively implement leased access 
policies; in particular, we will address the following questions: 

1 . What should be Included m a leased channel, feet, which heedwitfeervtees? 

2. What role should the cable authority play in the rate-setting process? 

3. ShouWcharmet«be<jricedonaco8t«ita^aBdl»8^? > 

4. How long should the leasing period be? 

5. How many channels should be leased? 

6. How should demarche acco m mo da t ed onee it exceeds suppty? 

The authority and operator must identify which facilities are to be included in, the leasing of .a, 
two-way channei;mr particular, wrik^ head^rKl faoHities are considered part of.the Jeased 
channel services. On some systems, the channel will include only the frequency translation, 
and signal processing; done at the headehtT. Ort other sy^ems, svWfchmg &nd addressing 
capabilities, located at ihe headend; may be" considered t» paWof^-v&^iltorwel service, 
the decision should 'be based on which capabMfles^ service* prdHdeV* heed fn order" to 
ef feetr&ly cbrr^te v^ ^ 

The cable authority must address the setting artfownilorir^o^ra^ 
subscribers and communkjalioji usees, At wasdis cus aad ip, pact io n 5, s*ai<au^ regulation is 
ordinarily preferred to economic re^UlaiSbh; Wt, # ■m$;&&^>mtt>*t&6&&ti / same 
monitoring of rates is necessary to ensure that the teasor does, pot jfjsc^urag<B ; h^Mng of 
channel access by setting rates ttnreasentoly^h. T^ s*i«fcor^^ what 

degree rates should be S£t, or to ^at d^ree rnart^ to 

establish efficient rates which afectosetoeos*. BeaatMthefafecontyof^ per 

community, competition is limited to that posed by alternative media. In the case of residential 
communication services, the competition is the local telephone compahyfTh the institutional 
market, both the telephone company and DTS special carriers (see Section 4.2) aire sources 
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of competition. The authority's decision should be basedbn the presence and strength of the 
competing media in their community. Vtt^ varibds d&ributlori medtaiWght be in operation, 
the comparison must be made betWeeri media thai^eV^MsaWe ! maritet. For instance two- 
way video tefecbnferencing to not feasfcle^ver fhe^trrtg tetef^rtme^caMoiop plant; nor 
over any of the alternative rdcatdisttibu^ 

alternative pay-television services (HBO, STV, etc.) v^^cdWpWih m pay-pet ^ew cr 
information services markets because they lack two-way capacity. 

The goal in implementing teased access ta to attow a diversity oftiformalten service providers 
access to the cable network frva rr^nertr^v/Wallr** thefn W cdm^W^rf eo.ua«erm3 with 
the cabfe operator. Because the catte dperatoHsl^f trt^»6^rriatl6n provider, i.e., 

complete separation are hot enforced, previsions* artr needed toipreVerrt thte potential 
conflict of interest from distorting leasihg<*a^ 
arty pricing mechanism should*trlve for the ^ fb^wifing riislte: 

- Competitive service providers are not discouraged from using the cable television 
rework wtieWit Is the most tecfmicaflyappto^ 

Competitive service providers face the same costs |n providing their services that 
' 6 me cable operator does In pi'bvidmgsimHar^rv^B^ 

■ All service providers are treated, fairly j*k! equally, , 

• The cabfe operator does not' extract excessive' pr#r» due^t* »S ww»bpd»y power 
in the market. Excessiv* prof Us would ^ ui^u^f^.sub^bei^te^r^ w "'** 
inhibit demand and extension of network facilities. 

• The pricing structure sh«*i .estabUsh ex»noiwc;sigj»l» ^stti^pmote efficient 
use of scarce resources, such as upsfream bjndwif^ on subspj^systems. 

The pricing mechanism used to setleasing fees Sribuld ba biaedisri the premise that the 

cable operator is mandate* to tease^speeW^ 

of the incentive for the ^operator td set prices sblgtf as* ic- c^oTJralecdmpieting service 

providers. 

We briefly* discuss two types of pricing raechaniSfiisHh* firatis r*te©*Tet**n (R©R>«»cfcthe 



129 ln those instances where no leased access tmaritt (h W l mw * m\mm*MK!ml pa^Hfe the operator might be 
allowed to use the channels on a short-term I 
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second is open bidding. Extensive economic analysis and evaluation of pricing mechanisms 
for leased access channels is beyond the scope of this report, V<e believe that interim leased 
access policies can be implemented without thorough resolution of pricing issues; and if need 
be, that they should. But, in the long term, as the markets for information and data 
communication services develop, the importance and. complexity of the markets wilt make 
rigorous pricing mecharHsms^ecessary. 

Most parties, both operators and city authorities, agree that the complexities and 

inefficiencies of traditional rate of return regulation should be avoided (see Chapter 5). 

Nevertheless, the problem remains for operators to set leased access rates, and for 

authorities to monitor their fairness. Rate of return regulatipn applied to cable television 

leased access channels (not to the entire cajbje network) requires calculation of average 

variable costs, and of a fair figure for the Pf^centag^ reJwrn r Csble television poses a unique 

problem for regulators that is notAaced inJe^apbpPS ,ffff^^^i i tmm^-^m»^n^..coS^ 

function is not continuous. Marginal cost is close to zero when the channels are empty but it 

increases discontinuous^, and signif icantly, when ^e chaonelsare #11 occupied because the 

cost of installing additional facilities is large. Therefore, so long as there is additional capacity 

on existing facilities, marginal cost is low, reflecting low risk, and ROR pricing on the leased 

channels based on average cost allows the cable operator an equitable return on its facilities. 

In this instance ROR regulation succeeds In preventing the operator Irbm exploiting its 

monopoly power by pricing access r^gh above ma^i^M cast; b«^. because the ROR price 

may be toweT^an the* rKafket^e^ suppfy arid some 

mechanism, such as a lottery, is needed to allocate the limited available spectrum. When all 

channels become occupied, marginal cost is sudde^$rew»r than average cost, reflecting 

the high risk associated with installing new plant^ and ROR regulation that requires the 

operator to accommodate additional demand at a price based on. average cost, is no longer 

equitable. In addition, the marginal cost function fpjr MP#£fpp ,W$, ^^ ^9 w nstream access will 

differ on subsplit systems due to reistiveiy scarce upstream capacity.. Jn conclusion, ROR 

regulation for cable television leased access must take the discontinuity of the marginal cost 

function into account, which complicates an already difficult task. A bill which is under 

consideration by the Masse^usetts State seriate propose»R©Rpiw leased channels: 

No charge shall be made for such leased capacity beyond the cost of 
the Operator of providing ft, including an allocated share of support 
of pubik:acce8S>plueate«aenei3iefaleef return. 
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Note that the Massachusetts Senate bill does hot specify How this cost is to be determined, 
nor how construction-costs for additional facilities are to Be accounted for. 

As an alternative to traditional ROR pricing, cable authorities wig** choose to mandate 
marginal cost pricing without actually engaging in rat* of *eturr« regulation. In this way, if 
abuses are encountered, a basis for action wHttee in place. Members of the cable industry 
have proposed that if marginal cost is used as the baste for teasing fee* the cable operator 
should be paid a^percent of gross or net revenues to account tot the substantial capital 
investment made in the home. Others argue that price must reflect the opportunity coat of 
leasing the channel. The actual opportunity cost is difficult to determine; although one pay 
television channel may provide large revehue streams, ft does ticti hecessarfly follow that an 
additional pay television channel wfV also return such high revenues: Alternatively, the 
opportunity cost could be equal to the revenues generated on the teast-lucratlvS channel, 
since it is that channel that would be superseded by the newaoDHcation. A complicating 
issue is that some channels are technically unsuitable for ^ vide^^b^can be used for data. 
These factors must be taken into account when calculating the opportunity cost of a channel. 

Bidding, or auctioning, is a pricing method that does nolcfepelid oh accurate estimation of 
cost, rather the charges should reflect market demand BWdWg can & implemented In a 
number of Ways. For example, the operator can set ah initial rate arid service providers can 
bid the price up or down untilan cliahriels a>e 

new and existing service providers bid for access, giving the exis^r^ service a chance to 
outbid newcomers and thereby plolect its invesfrf^ht? mis ^u^ prevent investment from 
being inhibited as a result of uncertainty posed by tKe teasing process. Charges for upstream 
access on residential subsplit systems shouitf be KlglteV than ^6setdl1iov^str6am access, to 
encourage efficient use of the relatively scarce upstream bandwidth. 

Bidding does not require as much government intervention in the setting of rates. But, neither 
does bidding pieventtheeccniatrtTnoTOpoly'profits^othe operator; Nordoes It ettminatethe 
relative advantage of the operator as a service ptwktor; nametyiltlie operator does not face 
the same access costs as do the other service providers. On the other hand, if the cable 
television medium is not in high demand, then the pperator may be forced to lease access at a 
rate below average cost or marginal cost, and thefetore^etow He^ewnceet. to the long-term 
such a situation should not persist; if it does, thenit refutes the need for leased access. 
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The competing service providers must base their bidspn estimates of market demand for their 
respective services. These market demand estimates should take into account many factors: 
number of subscribers, penetration level, and the price elasticities for use of the cable 
medium by service proUfkteraW . There are very *sw wfoemation and data communication 
service providers *n operation, which fenits pur abHity to cateuteta tie market etastic»ties> H 
these elasticities are underestimated then fierapetinotaBefVioaii^evidew «» bid the leased 
access rates too high; resulting kr excessive rosts to service pftovkters. These high costs 
would be passed on to subscribers and, woukl reeult j» excessive subscriber rates and 
suppressed market demand. ■.--;■'-"> 

Despite the fact that bidding does not achieve some of the criteria listed above, it is a possible 
alternative to ROR regulation. Bidding has also bfe|^Mri t ^>rof>o^eNd as a method for leasing of 
satellite transponders. 

There are difficult and important implementation questions which are common to all pricing 
schemes, these include the proper leasing time-period, and the handling of transitions from 
one leasor to the next, i.e., what happens to the customers of an information service if the 
service provider loses a renewal bid? Units of leasing for communication services must 
accommodate on-demand intermittent access, as well as dedicated circuit access. On- 
demand access is suited to a two part scheme with a fixed access fee and a usage sensitive 
fee based pn packets, similar to tol^pricing but. with a C/$erent, metric for usage. Leasing of 
channels on the residential network to information providers raises the question of contract 
length. The information provider and subscriber desire stability, while the cable operator 
typically desires flexibility: "The absolute longest period, we like, to c_OTsjder. these days is 
three years, we really like to look at a businessman fpr ajocal programming service that will 
pay us back in two years.") 31 . This comment reflects two so/newest separable concerns on 



To e-TU 
the part of the cable operator: the length of the payback period, and the length of the 

commitment made to any sjogte service. One resoiution for ^the iShort^srm is to allow the 

operator and service provider to decide Ihese detaite, overseer* by #te caWe authority to 

assure that community goals ate teing met and that any complawte sort the part of service 



130 .-'"-•■■■; ■ '<■ • " c 

Price elasticity of demand is a measure of the effect that an increase or decrease in price has on demand, i.e., 

if demand is highly elastejhenawnafl taareeaMrtftffefrwW ba*t0««irp<iBriiana)aV<*^ 
131 MartyLBfferty,<^xCaWe;d«Btft^^ 
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providers are addressed, via interim reviews and, if ne^af^r^^c^virts, Jn the long-term, if 
demand for two-way capacity continues to exceed supply, thei\,|$ 5 cable oj>erator will find it 
economically fayqrabJe to e)^)arKl cap^^tty^Jbeiwdiiqed scarcity wjHj^dw* the uncertainty 
of service providers and subscribers. Eventually, the cable JndUjS|ry rna^becorr^ convinced 
that the information services market is sufficiently acjiye to J&ake complete separations 
acceptable. - . .> 

In addition to the rate policies, the authority must determine the number of channels to be 
leased. Geller and Barron [27] propose the following channel assignment scheme 132 : 

- 30-49 channeisystoins-«5-10%o«^cha|wel» , 

- 50-99 channel systems - 15-20%. 

- 100 or more channel systems -- 20-25%. 

Subsplit, single-cable, two-way cable networks bhfy aiicomrftodate four to five upstream 
television channels. But, a single television channel caVi be ^ AM8ivided using frequency 
division multiplexing (FDM) to accommodate nHjltfpie%yi©d actfliss Service providers (see 
Chapter 2). The authority must also establish procedures for accommodating dernahd when ft 
grows to exceed supply. Traditional common clft^are requi^ facilities to 

meet demand. Unlike th« teJephon« company , the qua/tfMW q4 f giw^»fK>V0ne voice circuit, 
but an entire cable of 50 or more channels, i.e., the quanta of clp^SHrahd cc-st are large. 
Unlike electric uttith*. there are nb aterrfaWi Wvfc* pVotftfefe o#^hfeWt6 off 4oad demand 
tintff a critical mass is reached which ^aftihtslfcw (M^d&att. n^aoWrfidh, W^Sofst of new 
facilities cah tiot'be spread %m rti&tfa^WbS&toih the ii^;WW^€a^y^^^ 
utilities. If c^ble operators are forced to acc o mmodat e new dsrrrartd, they may disc^untge 
usageso as to forestall thtcipftaJ investment in* fle^'plittt -thi^must Be pefft up dern^ 
before the cable operator can, or should, iustff^fhveitjfi 1 ihfr^ 
facilities. OneiWterhalfve^a^^ 
ThiswOuW require urjoradins of all m 

could be feasible fdr'mstftutfdhW afcpB&ttoWaf. '^For m^Wf It Kbtti^fi Motes scnenfc 
which makes more efficient use of upstream bandwidth than does FDM might be used to 
subdivide a single upstream channel. 



l32 The particular numbers chosen by Geller and Barron are somewhat arbitrary buj^lect the bejief that the very 
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A possible short-term strategy for cable authorities Is to enforce a? thneBhe for implementation 
and announcement of rates for leased access channels, but to ^thhold judgment on 
additional rate andaecess policies, the cable authority and the operator would agree upon 
interim review procedures whereby those market irnpef^tkm*%»at might be evidenced 
during the specified experimental period could be rectified with ap^pfrbpriate pricing policies. 
During the experimental period, the cable authority could collect data on the rate levels, as 
well as the non-discriminatory, first come first serve access policies of the cable operator, for 
use during interim reviews. This strategy would avoid the uncertainty and burden of 
continuing intervention by the cable authority, white giving the operator the incentive to price 
access fairly enough so as to avoid rate feguftftSon at the time of interim review. 

6.4.2.2 System expansion 

Cities typically set provisions for assuring adaptation o| new technology which becomes 

available, and economically feasible, during me terra, pf the franchise. The following is an 

example of a "state-of-the-art" clause taken frorj|a prpposed bill before the Massachusetts 

state senate [40]. 

All CATV operators in the commonwealth shell make,aya^<|bte, on each 
of their systems, any services that the same Operator makes available 
on any of its other systems, wherever situated, aW>uch service* 
become available from time 4o time. 

It uses as its criteria for, state-of-the-art, ^hnologyadpjtetj by #»i operator on other systems. 

The assumption is that the operator will offer these : qew. technologies only as is needed Ao 

compete with other operators in the co^r^ :l pf,#ai|^|^cpnftBp^ t ^^prpvisjon, attempt, to 

grant old franchises the same treatment ; as new, franchises, therejbywp^BCfin^the system 

from obsolescence. If these provisions are financially burdensome, operators might be 

discouraged from including new technologies on any networks; particularly once the cable 

franchising process is over and tbj^ competttior^^ business is 

reduced, TheaArthcrii^shouMpj©^ for 

new technologies duririgirrterimieykaws of opera^.pertormaace and rates. 

As we discussed in Section 6.4.2.1 a particularly complex problem arises in regard to leased 
access. To what extent is the operator obligated to accommodate increased demand that 
exceeds its existing channel capacity? A procedure for detecting and reacting to this situation 
should be established. This procedure must detect when pent-up demand has reached a level 
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adequate to assure coverage of a fair portion of the new plant. At the same time, the city 
should discourage the cable operator from overextending Heelf as a resutt of mismanagement 
or overzealous external pressure. 

6.4.2.3 Separation of institutional and residential networks 

Some cities require that the institutional netwqrk be "Rrovidecl, prorated, and managed 
through a separate but affiliated corporation ... so that the costs and revenues of such service 
can be differentiated from those of the Home Subscriber Network" [20]. This arrangement 
car* serve to protect against any cross subsidization between residential and! institutional 
services which might otherwise occur do to differences) ir* the elasticities ©t the respective 
market demands and franchise restrictions on residential subscriber rates. Other cities haw 
taken this one step further by requiring that the institutional system be operated by the city as 
a municipal utility. No such systems are yet in operation, leaving us with little empirical 
evidence as to the relative merit of these approaches. 

6.4.2.4 Operator liability 

In preparation for extensive use of institutional network services, cable authorities must deftie 
the liability of the cable operator 4©* providing a reliaWe fMTflfi)»>fflW««*aJnable (MTTfl), and 
secure network to subscribers, infanwtten ^aiwicea, and comjniwi^tioh users. Some 
customers will require and be willing to pay foe worse than others, tihteftfobtem is not unique 
to cable networks and is not treated in depth here. For the moat part, it is unlikely to be 
adequately addressed «nttt services are in widespread use. The prwacy and security 
problems discussed in Section 2<&2.2 leadsome to meceftehision that the cable network not 
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be used for sensitive services that might be targets of maliciousness . 

6.4.2.5 Privacy 

If and when residents and business users begin to mistrust the privacy protection offered by 
the cable facilities, it will be in the operator's interest to provide a high degree of privacy 
protection to maintain and encourage use of the cable facilities. Unfortunately, in the 



133 Saltzer, J., Suburban Data Communications via CATV - Preliminary Thoughts, Working Paper, Laboratory for 
Computer Science, M.I.T., May 10S1. 
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meantime, damage to individual privacy and the hardening of unsatisfactory practices can 
occur. Therefore, the oabloaufeocity abound marKiateeome prev e nta tive pracycea, as weti as 
provisions for future review by the city. Privacy provisions atoewWiinoiude both protection ot 
data stored in centralized facilities, and protection of communications transmitted over the 
cable. The privacy guidelines proposed by Warner-Amex exemplify a concern on the part of 
the cable industry (see Section 2.3.2.2); although these provisions do not include desirable 
restrictions on the storage ofTrtformatioiiin a'f^'wnlch cart be traced to particular 
individuals. 

Although adequate treatment of this subject is beyond the«cope*ol4h1»*eportii we hope to 
emphasize that it is a social and economic potlcy iseWmat rt sio rvofl extensive public debate 
and research. '' 'n-i<> ■■■<■■ ■= 

6.4.3 State policies 

Currently, only eleven states regulate cable. Consequently, cable policy is established 
primarily at the local level. As systems interconnect, jurisdiction will move into state and 
federal domains. State governments play a potentially important rote 'ih establishing state- 
wide guidelines and standards lor cable r»twon^ IrtettMed^and operated throughout the 
state, in addttion.trw state shooW ofneifcny granttocal geVs t nm oo ta the authority needed to 
govern cable 134 . Staae^governrnentat awdtee ahwrtd oontrfbm^teelinitaf expertise and 
resources, not available at the local levet,** aid the munldipaattee. This could improve the 
quality of decision- making, pave therwa*tor future oyst i sei l nti rtsenneclten, antf*pe?baps help 
to isolate cable policy #om oilier locaJtaolhieal isswes amich l«ee^o retevawje te cable but 
which nevertheless Impact dec Worn due to the dynamic* e* Ibe Idcai caWe franchising 
process. ".•:*--• : - *>-■■< — •■■ . -.;:■. .•■■■■• *•!-■:■'■<-.. 
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It puts them in a stronger position and protects against the precedent of thrSeulder decision. 
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6.5 Summary 

We address local and state policy makers in emphasizing the importance of establishing a 
suitable infrastructure for two-way data communications. Because of its desirable 
applications and the need for advanced network planning, most cities should assign high 
priority to the data communications infrastructure which consists of both technical and 
operational requirements. Nevertheless, demands .should be i modfrft^ b7 an understanding 
that increased demands in one area of systern, capability implies, redded, demands in others, 
because of capital constraints, financial burden on v SUbscribers, arjcLnegotiating strategies. 

The cable authority must also decide to what extent * should, or must, participate in 
implementation specifications, beyond the level of general infrastructure. In making this 
decision, the cable authority should be aware of which capabHitte&must be incorporated into 
the initial cable design and which can be rrrtp4errtented'Wi later st&gesfwMM incurring 
prohibitive costs, it should understand the costs and 1rade*offe and encourage the cable 
operators to make some compromises on near term cost minimization in return lor longer 
term capabilities. But, at the same time, the authority must be prudent in its demands and 
avoid overextending the cable operators' resources. 

The operational infrastructure for data communications primarily consists of structural 
regulations which wiii adefluateiy separate the content and carriage lunctions combined in 
the cable operator. Leased *xk»ss provisions* which set aeMetSsportion of the cable network 
for operation on a common carrier basis, present an attractive alternative for reducing the 
conflict of interest posed by the cable operator's- combined content and carriage functions. 
The pricing scheme applied Jo leased channels ahootd be carefully selected to eliminate me 
incentivessnd ability of the csbie operator to behave in an anrj-campetitive manner. 
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Chapter Seven 
Conclusions 



Cable television networks applied to data communications are unique and valuable municipal 
resource; but their utility will be determmeftby fheoive^^ 
that are accommodated^ Maximum ufflization requires: 

• A. technical infrastructure that accommodates multiple servers and a variety of 
service characteristics. 

- An operational infrastructure that ensures network access to a muttiolteity of 
service providers and communJcation users, , ...... 

The efforts of both the City cable authorities and the caWemdustry are necessary to construct 
these infrastructures. 



7.1 Network planning 

The access scheme usedwHI determine the future vtabttfty of the«*work for switched any-to- 
any communications. Currently, two-way communications onoatte Is conceived of fn terms 
of polling for residential networks^ and po^t-to- point FDM «r*« for tnatttutional networks. If 
cable te to fulfill Its potential as a data eerr^wUeattons «iedhfm^SysttW» must be designed 
with the technical capabilities for hripkwnentmg more tte^dtole cO^ techniques 

such as contention, and OATDMA. Eventually, ad<fttkvr^ Wg^er-level protocols will be 
needed to support interconnection of cable systems with each other and with other networks. 

The noise and ingress on existing, as well as future, cable systems will be the largest technical 
hurdle faced in implementing two-way, quality data services. The use of bridger switches, 
while quite appropriate for a polling architecture, is not compatible with distributed 
networking schemes desired for city-wide business and residential communications. 
Therefore, other methods of reducing the noise on the upstream channel must be found. One 
seemingly appropriate method, is the use of digital regenerators, in parallel with some of the 



124 



return path amplifiers. tn addition, aggressive maintenance procedures must be 
implemented. Ingress from interfering sources % gr«tt«y increased by leaky connectors. 
Most connectors must be tightened once or twice ^ per1«§Tto insure iweperltRtngv 

The high cost of installing cable will be overcome by ,^ ^of inability pf Pay TV services. 
Similarly, cable systems will be updated to meet franchise, renewal retirements. In some 
areas new cable must be laid, iq others, only two-w^y 8j^p|f iffs -rno4u|§s need be installed, 
and the headend updated. All construction planning sbpufdJaHe into accouot the relatively 
low marginal cost of adding excess cai»aty at r j^ time of cpnstr^UQrj, (either original or 
rebuilding construction) as compared to the high marginal cost of adding additional capacity 
after construction. 

The proper architectures and media (e.g. cable vs telephone), for future trapsactipn, videotex, 
and data communications services is irrevocably .tied,, to the ^pJ|c|iions thatdeyelop. The 
use of wideband media could well be overkill fcM-teMu^transag^servlces, Likewise, the 
use of phone lines is unacceptable for heavily used interactive image* or. facsimile services. 
Potential information service providers rwust makeajtougfctful assessment of what is likely to 
be needed, demanded, and accepted in the,next $, 1Q, and 1§ years. 



7.2 Strategies for the cable industry 

The challenge facing th# cable industry is to establish a communications infrastructure that 
will support a f variety of information and data, cc^nmunication services, as well as 
entertainment services. Initially two-way ccpHnuflicatton capability between subscribers (ok 
users) and the headendw'U be adequate. But, switched any-to-any communication will be 
needed to accommodate future growth. 

In the long run, to be competitive, an information service must be deliverable over a 

multiplicity of communication media, since the availability of appropriate cable or telephone 

,•■■.•■• :..-■ am .-Li.*-- -it.-'V ■■■;■■■; do ■■■■.-. "k ■'■■ ■ '- 
facilities will vary from city to city . Likewise, the communication services offered over the 

cable network must accommodate many services from a multiplicity of sources. The cable 

industry should encourage the growth of other information service providers, since the 

success of all information services to the home and business rests on the existence of an 
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information marketplace which is attractive in the aggregate. Because aU a§ rviees will be 
accessed via common imerfaceandriipiaiiRissten^iy^^^ 

and varied to warrant the imtiai in votm o r rt, To theaafi* erwiof ewoyreflioo « mulUpiicity oJ 
services on the network, cable operators should encourage resident-to- resident 
communication applieath^! G F%rsdnto-peisoh or In the 

primary application of mcef ikisWHg computer network m particWaf Bif'eleci^te bulletin 
boards used by hobbyist, i.e. persons* eompulef own**. Wore marked sfttfy ts'needed, but it 
is likely that there wilt be a mitkeHor'su^h iier^ce* ^dW^*Wen^^weB; St^ senficea 
will place added 1 pressure on the operator fo sttoW WctealScf rMsict ter ^'privaby aspects 
of cable communications. • -.. af-rr.-.-.- .■■'>■■<. 

In addition to in-house research and development efforts, the cable industry should 

encourage development ofdtfWr pieces ^^ necess^ %r mll^dita 5 «^ifmV^*ca«on eervfces 

economically vfeiblfe; irrpartlculat, afford^ home ^^terminafi-aWd^6B^ f bWeldbrh^rtt: «ome 

of the major cabfe cbmpttninf rnSah^fac^rers aie'^seeWr^ jblrit vetoes wUh established data 

communication firms to gaJh tie mu# needed* e*p^^ 

Instruments and Sytek, and dcientiffc Atlahia and Mhidi^see ttf&MStx A):'frHs1s providing 

the cable industry with the teoMicat wortoc^antf 

large amounts of capital necessary to produce equipment on the scale necessary for the 

cable television industry. 

In both the residential and institutional markets the operator should offer multiple channel 

types - broadcast, pbttiwepoliti; 'hi^h 'Speed! few'^Mft' -llidtelte^;- bursty^ !r fb^ the 

Institutional market, on^nroKi c&rhtaurilca^^ 

dedicated private imeservtae. dn^emaVtfseftfctf Is HbftecHb th**«lerm1tteWna1iiHe iof wHaH 

business communications and pri>nwt« e*pe>*m^ ihe brb^Sciast 

nature of cable network communications is suited to <Wi^Hiib^pi&keT«i^ 

this feature gives it a competitive advantage over telephone local loop facilities. The tariff 

structures adopted by the cable operator should also accommodate intermittent users. That 

is, charges should be based on the data volume, not the connection time. 
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7.3 City policy 

We address local and state policy makers in emphasizing the importance of establishing a 
suitable infrastructure for two-way data communications. Because of its desirable 
applications and the need for advanced network planjwjg, /npst| cijies should I assign high 
priority to the data communications infrastructure which consists of both technical and 
operational requirements. NevertMessy demands'should «e moderated by an understanding 
that increased demands in one area of system capability implies reduced demands in others, 
because of capital constraints, financial, bunden cwsjub^tberswaixi negotiating strategies. 

The cable authority must also decide to what extent R shouW, or must, participate in 
implementation specifications,, beyond the level of general infrastructure, Jn making this 
decision, the cabteauthcfrfy srwuld be eware of which capat^ities musltte mcorporated into 
the initial cable design and which can be implemented in later stages, without incurring 
prohibitive coats. It should understand the: costs and trade-offs and encourage the cable 
operators to make some compromises oh near terfri cost iminfmiraflbnirr return for longer 
term capabilities. But, at the same time, the authority must be prudent in its demands and 
avoid overextending the cable operators 1 resources. 

The operational infrastructure for data communications primarily consists of a structural 

regulations which will adequately separate the content and carriage functions combined in 

the cable operator. In a speech before the National Association of Telecommunications 

Officers and Advisors (NATQA) convejrti©/* 135 , N. Milter described some possible abuses that 

might arise if this separation Is not achieved: 

...cross subsidizing tbe program cgsfs fr^m the facility's construction . .. 
costs ajid revenue^ ^y^i^^ -; 

services when a competitor seeks to use the facility, or ... simply 
limiting the c^acyty of the systems 
on the system. 

As a society we often hesitate to intervene in market operation as a means of directing 
technological development. But, in teis ih^ance, as W that 

support of the status quo in ^eW will "determme* the devetopment of cable television 



135 Miller, N., Speech to NATOA, October 23, 1861. 
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technologies and markets, as much as, if not more, than support of new structural 
regulations. 



7.4 Suggestions for further research 

Further research in the following areas is requisite! to the ability of efcieaand the industry to 
effect the infrastructures described above. . 

• Market research is needed to- insure cable 1 operators* of a ffriimclally secure 
environment in which to invest. This is particularly true of the residential market. 
This-resea*ch mus t eocompass deve lopnwnte in^^o^e |efW»iWl*»iaf)cl k>ter mation 
and transaction services. The cable network qnly comprises the communications 
mecnum'that w»H tift^ 

without affordalBterK>meiieM»naJ* 

for such a link. In addition, the nature p i f J toese f1 se,r^jcgs i apd Jejmjr^als wW, 

determine the relative attractiveness of cable television" as me communications 

lir^ versus the telefNwnetwml loop fe^vt^ 

The traffic generaff^^ 

the various access schemes described. 

•Experimental research is needed to rigorously vchiff^ 
limitations of upstream communications via existing cable television systems. 
Technical mechanisms for combating the problems aod f their related costs can 
then be evaluated a>id applied to dec^oflis ot rebuiwVng Wrsus upgrading 
existing networks. ■ ■ ; ^u ■?<;-•» v,.ji::u:;^; r ; 

- Higher level protocol standards are needed to support effective and efficient 
networking. D ov el opm e rrt of adequate biaf' ?4 n%f '^r^i%4rr^ ri 'p^bcbte is 
necessary, along with general research into tr^ st#rK^^^ng^«cees. 

• Sound leased access prtcintj rrtethaniSms a^tiele^^ti^wiff flccornmodate 
growing demand, efficiently and with comrtidrJI^'rriW^^lMst1i^. r ! 

- The potential for privacy abuse, Which IsiWeristledWWi^^Me computer 
and communications technologies, is a social and economic policy issue that 
deserves extensive public debate and research. 

■ City authorities and communities, along with responsible cajole pp^ratprs, must 
address methods for making these services ami facilities available to trie 
information poor, as we«as thwinfonwwiiwi^fcfK ▼NreeterttM edw^lonaf \ralue 
of the services, as well as opportunities for increased "technical literacy" to those 
households with access, will otherwise only serve to widen the gap between these 
two groups. 
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Appendix A 
Provider Industry Structure: 



'I bOik'; MtO 



Snapshot df the iitdtistry; rHjmtfBry; 1982 



The cabte industry is currently an entert«amertt€Hirtraita»n and 

communications mduStrv. The: ptatfS&*tomm$ tfo* data services over cable comprises a 
number of participants: cable operators, cable and components manufacturers, modem 
manufacturers, LACN vendors, in addition to the information service r^o^ers whp will be 
both customers and suppliers. What follows is a snapshot of the cable industry as it looked in 
January of 1982^ Given the rapid changes in ibis* fieW, the readW should regard this only asa 
representative sample, and should consult%e trade press ^or more current : Vnfdrmatton. 



A.1 Customer Premises Equipment Companies 

There are three types of firms that manufacture cable interface units: those that design cable 
converters for residential use, those that design PbM interface urifts for institutional markets, 
and those that design LACN interface units for private commercial networks. While me 
converter" manufacturers have an advantage mrougri melr understanding of the residential 
market, the modem manufacturers have significantly more technical expertise in the field of 
data communications. TheLAdfcl manufacturers iriave tie most sbprits^icated distnbuted data 
network expertise, but have no experience In the area of pubic networks, and residential 
services. The following discussion of the key players in these markets will exemplify the 
different approaches taken in addressing me residential and institutional two-way data 
communications markets. 
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A. 1.1 Converter Manufacturers 

A. 1.1.1 E-Com i n 

E-Com Corp. 136 manufactures both polled (TRU100, TRU500) and FDM (TRM202, TRM159) 
modems, The polled models operate ov# r Q.25QMrthz, and m f$z jQNyfgift Wf a^iieve 
data rates of 0.384 Mbps and 0.300 Mbps, respectively. The typical price is from $50 to $125 
for residential terminals, and $200 for commercial terminals. The FDM modems can 
accommodate both point to point and point to multipoint communications. They operate at 
9.8 Kbps over a 100 Khz channel (OQ96 bite/hz), and 1.5 Mbps over a 1.5 Mhz channel (1 
btts/hz) at costs of $750 per circuit end, and $fleor>$69Q&psncirCliit end^fespeetiyely! 137 . 

A. 1.1. 2 Control-Corn 

Control-Corn 138 , a subsidiary of Burnuj>.and Sims Inc., has developed an advanced 
communications network based on cable technology, which they have implemented in private 
areas such as the Disneyland Hotel. Currently they are developing a two-way data system 
which will make extensive use of "area microprocessors" (intelligent bridger switches), which 

in addition to reducing the upstream channel noise, will perform network management 

■■■>■■■■: ■ '') -.>:•> f ' r :l ■" s ■•■.. ire'- ;&'■ ' -■■<■;' .: ■'■■■ -'. .-' 

functions. 

The system will offer 9.6 Kbps service, with an aggregate data rate of 50 Mbps. The polling 
sequence to all area microprocessors will take less than 1 second. 80% of all upstream 
communications is expected to be home monitoring data which does not need to be 
communicated to the headend. Rather, the area microprocessor acts as a subnetwork 
headend which receives all monitoring signals from home units and only transmits those that 
require service to the headend. The effective upstream bit rate for each user is expected to 
be approximately 1 Kbps. More advanced network features can also make use of the area 



136 lnformation on E-Com systems is derived from a speech given by R.V.C. Dickenson, E-Com GdrpV, entitled, 
"Digital Data Transmission on CATV Systems", at the Canadian Cable Convention, 1977. The President of E-Com, 
Robert Dickenson, was one of the prime developers of the data services offered by MCTV. 

E-Com equipment brochure, available from E-Com, Stirling, N.J. 

138 lnformation on Control-Corn developments is from Personal Communications with Jim Crocker on November 2, 
1981. 
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microprocessor, for example jamming detection. Logic for the interface unit is implemented 
in a single custom chip. v 

A.1.1.3Tocom 

Tocom has over 10,000 units of subscriber equipment in use in ttie U:S. and Canada. They 
offer security, teletext, and interaBtered«aiwifie^rtsttWBg,frip^ngaoces8 control scheme. 
The Tocom 55 Plus was delivered in June 1981^. T*w:S5*0A is a twe-Away home 
informational terminal adaptor wmteh offers 55 tetetext chwinBte, in addition to interactive 
data retrieval, formatted screen data entry, and erttertemraenfeteteviston, it costs $250 in 
volumes of over 10,000. The 551 0A uses a color graphics display with internal RAM. There is 
both vertical blankinginterval (V8I) teletext, ^ and Wc^irih^f illeiBxt 

The two-way interactive features include a built-in return transmitter which can communicate 
with the headend on up to three different return frequencies. The terminal supports opinion 
polling, subscriber response, pay-per-view, and channel monitoring. The system supports 
aggregate sampling via polling for collection of audience statistics, but does not allow 
individual monitoring, and does allow the user to disable the monitoring function. 

Screen-formatting functions are supported for interactive transaction processing. Data entry 
is accomplished using formatted screens and a small keypad. 

The 55 Plus system afso mcfiides headend faciflWls catted the Prdgramming Control System 

(PCS), $1SS;000. hr <»ntams stHJScri&er a^ 

maintained via operator cdrisotis. The PC3 J ciftfm#n&a1*»S ctmtrof information to the 

Headend Video ProceSscrs<WVPfr $3,000 per c%imt^«Sritr^^ 

path for two-way communications. The HVP buffers and transmits the teletext data ort the 

VBI. A Selective Data Retrieval processor operates the full channel teletext. 

The Screen Composition System is used to enter the screen formats for subscribers. 
Communications with external computers for home information services, is supported via a 
processor which forwards external communications to the proper off-network site, and 
returns responses to the proper subscriber station. 



139 High Technology Group, "Interactive Technology Review for CaWevision's Boston Franchise Application", 
April 16, 1981. 
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A. 1.1. 4 Pioneer ■■•...;-, } 

Pioneer developed the hardware for the Warner- Amex Qube system. See Section A.2. 1.1 

A.1.1.5 Jerrold 

Jerrold controls over half of the cuetomer premisee eqrtpinent (CPEV market for: the cable 
industry. In addition to security ^enterteinowt^alidpeJ^ Communieom 

which ia a two-way poUingacaeas ccJfmHitiieatkw»yelettler*f^p»r viewantfopintow potimg 
applications. Tr*mc>dified corrv8rtertoMis$tfl5;w**cri tcortumraJcatw with the headend via a 
security interface unit. T etotoxtj aatso offered, .v 

Activities in the field of two-way da^a have, not be^ao^jrPSsive. Jhj^^JiHaly to change viffth 
the recent investment in Sytek Inc, Jerrold's parent, General Instruments. The planned 
system is described in detaH in Section A. 1.3.1. ■ ■ c n 

A. 1.1. 6 Oak Industries 

Oak industries developed the interface unit used by Cqx Cable for their Indax system(Section 
A. 2. 1.2 below). 



A. 1.1. 7 Scientific Atlanta ^ 

Scientific Atlanta maoMf£c|ure% cable cU^rib^ipa vPiaj^t con>por¥W|8 as well as cable 
converters. The newest, Scientific Atlanta aqiHPmem announced raqwres a $360 oefomttf 
upgrade to receive and transmit bigj^^oeec^dajta^ Trjjs J( da^;^dee}.wa* 1 ^ 
AMDAX Inc. 141 and wilfbe excluwveiy marketed ar«* n^uk%cHi«Kl for tr« cable induetry via 
Scientific Atlanta. 
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Cab/* Vision, December 21, 1981, pg. 133 
See Section A.1. 3.2 



okj ':.•(•!? oj -. 
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A.1.2 Modem Manufacturers 

A. 1.2.1 Mitre 

Mitre designed the network equipment for the first true broadband based local area network. 
Originally It was designed using a TDMA access acheirie, and curxently runs a contention 
scheme as well. The system runs on a dual 300 Mte cable sys#n»!w*iere one cable was used 
for upstream and the other for a^wnstreamcornmunicatonsi exclusively. Mitre, a non-profit 
corporation, does not commercially sell its equipmantebirt, does teens* its designs. Current 
licensees include Digital Oommunk?atioiis C^ri»>ralk>n,*sub6idiarifc0f M A/COM. 

Although designed by Mitre private networks, the technology is now being adapted, by 
licensees of Mitre, to run on urban cable systems. 

A. 1.2. 2 Local Data Distribution 

LDD 142,143,144 an a ffj|j ate f M/A-Com, has recently completed a joint experiment with 
Satellite Business Systems, and Tymnet, in local distribution over both cable and, radio. The 
CARAVAN 145 involved two-way data communication oyer the institutional cable facilities of 
MCTV in Manhattan and Viacom Cableyision in San Francisco. As of December, 1981 there 
were two cable subscriber stations in San Francisco at an average distance from the headend 
of 1 miles. The MCTV cable system in New York had six subscriber stations. 

The cable headend transmits all downstream data in a TDM fashion to ajl subscribers in the 
high frequency band. Subscribers respond using ,a TDMA technique in the low frequency 
band. The headend is linked point-to-point over the cable to a satellite earth station for long 
haul traffic. The system uses a 1.5 Mhz channel for 1.8 Mbps aggregate data rate (1.2 



142 Richmond, R.L., Digital Communications Corporation, Ttocowt Advancawnta In Local Data Distribution", 
Working Paper available from DCC, Germantown, Md. 

"SBS, TYMNET, LDD CO. Report Success In Local-Loop Demonstration Program", Press Release No. 81-39, 
Tuesday, November 24. 1981. 

144 Swinton, W„ Tymnet. Inc., "CARAVAN: Experiment in Wideband Local Digital Data Distribution", National 
Telecommunications Conference, 1981. 

145 Cable And Radio Architecture for Value- Added Networks. 



133 



bits/hz). Channel allocation and switching providing full connectwtty flreimplem«ntod atthe 
headend. The cable equipment used is approximately 30% lower in cost than the microwave 
radio facilities which were also part of the experiment. . 

Digital CommunicatlonsCdrpofiMon, another subsidiary of M/A-Com, and the designer of the 
modems used by LDD, tee installed a system »n the U» Ctftom^ttfa&n&e, master^ ptanned 
community In Irving, Tew* 14 ®? , The system O pe i 'l e o on an underground triple trunk, one 
subsplit, and two midspHt. It is cenfiguiietf m a*i*ial#nWa«d tt5cwr»h«y*leing upgraded to 
provide dual distribution 4061^ capably 

the network include residential videotexes* «•» as t^neao data cow^rtc&ttons Of varying 
grades for small, medium, and large businesses. All services wiH be based on the DCC TDMA 
technology, with some additional porting equfpmeni as Weil, transmission speeds will be as 
high as 1 .544 MBps, and will offer full ronnecli^ijelween subscribers. 



A. 1 .3 Local Area Computer Network Vendors 

The past three years have witnessed the development of a new, and still very small, industry of 
LACN vendors. These companies design networking ^^ equiprnent for diverse digital devices 
and computers which are spread over a contained area such as an office building. The state 
of the art distributed network products do not come from the manufacturers who have long 
been making modems for industrial cable networks but from the crop of new companies, 
growing out of the mini- and micro-processor industry. 



Both the industrial modem manufacturers arnl me LA,dN vendors are gearing up for 
producing high speed data interface units for" intra- ^cify communications. ftSrvt and Polling 
equipment is widely available, while contention and ToM' equipment is stOi largely in the 
experimental or design stages. 



A. 1.3.1 Sytek and Gen«raHr»tmments 

Sytek and General Instruments are jointly developing an advanced data communications 



146 D. Silverman, P. Freedenberg, D. Schoen, "Architecture Analysis for the Las Coiinas Association 
Ck>mmunicatio^aNe^wo^k^EASCON^81.Waa^tl^^onaC, ^^ B» ■ l n tla r ( 1aS1 
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system for cable called Metronet 147 , Sytek is a communicaltolW^onaoRing'firt^whlcri has a 
growing line of broadband based LACN products on the marke% T^e^ACN is palled LocalNet 
and uses a contention, CSMA-CD, access scheme. LocalNet20 runs at 0.020 Mbps, and 
LocalNet40 runs al 2 Wlbps (0.33 bfts/hz): Genial IH&runiirtte fe in 

Sytek. General Instruments, through its Jerrold subsidiary, has extensive experience in the 
cable industry: Jerrold controls over half of ^ t^iaErtMe^^Qttet^tertace unit, and distribution 
electronics markets. The cumulative instated tscinjriaji base ^QjU$b $heend of 1980 was 
1 1 ,850,000, 52% of which were General Instruments products 148 . 

Sytek, where the R&D activity for Metro.net js centered, Js sf||J in the early planning stages but 
they have set out requirements and a general architecture for Metronet with impressive 
foresight. For this reason, the details of the Sytek desigrf^bs^y are Mlirtetl below. 

Sytek has designed Metronet under the following assumptions: 

- Concentration on data traffic. 

- Equipment should operate on SubsplU sy^tenw, cPperirtiiio 'MM Mhz in each 
direction (4 upstream and 4 downstream channels of 6 Mhz each.) 

- Primarily small business and residential customers. 

- Bandwidth should be assumed to be scarce. 

- The network should be designed to withstand hosiMe environments. 

- User interfaces should be IEEE 802 149 compatible. The network rtseK is- not 
designed to follow any standard. 

The Network Requirements are defined as follows: 

- Large subscriber capacity •- 50,000 to 200,000. 

- Adequate expansion for 10 years, without any increase in bandwidth. 



147 lnfontiatkM**lKHit M et ron e t id derived from personal" comfiHrfkMon* «Mh Robert MaeNamara of Sytek, on 
November, 1, 1981. Metronet is strictly in the planning and design stages and is not an announced product or 
offering. 

148 "Record Levels", CaWev/sfon, November 2. 1981 

149 IEEE 802 is the draft local area network standard. 
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- Adaptability to new service*. 

• Non-disruptive expansion. 

- Packet switched, with arnaxlnium access tim^j greater tha»,tpo ms., np more 
than 1% of the time. 

• geographical extent Jess than 40 to SQmUes 1 ^: 
-Wiwiderttolrietwoi^^ould use primal C^A-t!r>. ,w 

- Connectivity of any two subscriber nodes. 

• Po'rnt-fopbint, full duplex, connectionless s^fce. 

- Support up to 20 Kbps per node. 

- Off-network nodes with proper interfaces to serve as gateways to SBS, public 
switched networks, etc. r ^ ^ ' ' ■"■.•■■ ■■iw.mier ?■ - 

- Control requirements: 

* Grant or dental Of transport service ftccessto any nodev 

* Identification of source and destination node for each session 152 . 

* Control of illegal use of access and bandwidth. 

* Protection from physical attack -- vandalism (detection, isolation, and 
repair); The*1delettWn t detMal, avid eVtto#d«ne^^rf«icy. 

•AdrninistratiwtoedjustlreWeload. a3i ftj 

- Pricing, flat rate per access or per packet. 

- Diagnostics •- Check channel and equipment; Time-outs. 

Network services will include caller and callee charging options, polled service access, and 



As was discussed in Chapter 2, contention access protocols such as that proposed by Sytek, presents a trade- 
off among distance, data s«a, ; and : eacl«at,)fiig^ apeeffleajie^wj&dapandt upon Ihe 
data rate used. ■-•:.-, -v-> m ,■;•:. 

151 

Sytek's bias towards this technology should be Kept in mind because of their established expertise in the area. 

152 vr .ivi wM. ■■-<■■ ■■.■■,k-:. . -un- ■"■■ 

° This capability will carry with it the possible need to regulate the use of this data, as with the telephone 
company. . i; , ..; ■..-.!?■■;■•■■ > ; ) 
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videotex usingthe AT&T Presentation Level RrotocoKPLP)> Value added services wiH include 
translation, speed buffering, and key distribution*; Sytek beMeves *h»fcmo6t otthe information 
will not be considered worth encrypting with the obvious exception of banking services. 

The network architecture will be based ©n adisb-ibuied intelligence approach, inline with the 
LocaiNet architecture; wMx some exceptions. Because the rjetework will not be owned, used, 
and operated by a single organization, as is thescasewith most^CN^^sefleJwedt will have 
some centralized control of communications, tOi realize the ^network monitoring and 
management necessary. 

Virtual circuit initiation will occur on a per session base. Each mode wiM; have; a hard wired 
node ID, and a commonly known node address* The headend wiM establish network 
authenticity through use of these keys, upon receipt of out of band requests for virtual circuit 
establishment. 

The 25Mhz will be divided into 100 channels each supporting a data rate Of 0.1 Mbps (0.4 
bits/hz). Each node is assigned a home channel When a session is requested the headend 
will verify the authenticity of the source and destinattonrcheck traffic loading, and thenslgnal 
the source to switch to the domination node's home Channel, asaemtngMt is free. After toe 
destination is notified, the headend Data Channel Access Monitor <DCAM) wilt exit the 
process. If any channel becomes unusable, the DCAMJwtttfe^fltWtee the communications on 
another channel. The projected cost is $50,000 for the rwadend. This is almost 20 times the 
unit price of the LocalNet headend. 

The expected usage traffic is 1,000 to 2,000 simultaneous sessions per channel with 60 Kbps 
throughput at peak load. 

A terminal with sophisticated graphics capability will be sold by Jerrold. It will be based on a 
Motorola 68,000 miwoprpcesaoJVand 1/4 to 1/2 Mbyte of memory* ^ Wb§r>theJnarket grows 
large enough to warrant a VLSI version, the price could drop to $200 153 . Sytek feels it is 
necessary that the cost per node be kept in the $20Q jange, wbicjj is how much addressable 
video converters currently cost. Sytek would like to keep the monthly network fee in me $20 



153 No estimate was given for current, LSI versions but similar devices such aajfce Radio Shack TBS/80 set! for 
$4,000. 
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range. Given 10 channels with 1,000 subscribers*** !ohannefe4he.8V«teliv8h<»jk* beabte to 
accommcKJ ate a 15 minute Mwsion per average rertdw^aleubeoriber per day. 

Sytek is still establishing its plans for an institutional network, Currently the targeted 
customer base is teased Hnes users. S*eto*wte'the*4helflsttUt^^ 
transport servtees between LAGN sites, er as laet mHetr«n«ports*c4(wg>hao*r»tworks, i.e. 
private Kneev to addition 4ney#eet that the^atol#4»elwe^ieoutdieod)Upibeing Used primarily 
as -an alternative voice medium. Fbr**ins«lullw^ market, tothTOMA and GSMA-CO are 
possibilities for the access scheme. 

It is clear thai Sytek is designing a commonkjattons system intended for the use of multiple 
"servers", end not a videoewtertainment, on videotea network wjtfcaeiwgte server, as is the 
current model. 

A. 1.3. 2 Amdax 

Amdax supplies much of the point-to-point FOM interface equipment for MCTV. These 
interface units are used m*heir first private, LACN product which Imptemerte a switched RDM 
access scheme. Mora recently, Amdax has armeunoedGabienet; which uses a DA-TDMA 
access scheme tor oampua and^eafcwideiLASN'a; They propose' to extend their products 
onto cable systems and have signed an exclusive n»enufactuong and marketing contract wah 
Scientific Atlanta for aalesto the caWe industry. . m 

A.1. 3.3 Wang 

Wang's LACN, Wangnet, uses FDM to divide 350 Mhz of bandwidth 4wto4^ree independent 
bands: 

1. Interconnect band -- many point-to-point channels using FDM at data rates up to 
64 Kbpslfrequenty ffxedthodem;<$tj250), and 9.& Kbp3(f req u fencyagite modem, 

27Wandbiand - a 'W Mops contention channel- which rtiiis oAMr i^ Mta (b^eer 

■ bitS/h«$aj80©>K. ;)» . :, •:. b'vW *■/■, :\:>3 v-iVi"'..i;:., . 

3. Utility band - for surveillence, instrumentation, or teleconferencing. 

Wang uses two cables, bf# for upstream transmission arkf brie fbr downstream, ft covers 
areas up to 10 miles in diameter. 
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A. 1.3.4 interactive Syetem8/3M 

IS/3M1ids s©W4>rbadband bo^municatton systems smiaHiitffc their systems are intended 
for use as private LACKTs but are applicable to J tirblfo4a%ie heWorli®. THetr systems are of 
two types, TDM and switched FDM. Low speed FDM modems for b^ttl pdint^fe-polrtt and 
multipoint applications offer data rates from 600 bps to 9600 bps, and medium speed modems 
from 1200 bps to 96kbps. IS/3M also designs and manufactures higher speed modems for 

OEM applications. Many LACN and private firms buy rf-modem hardware from IS/3M for use 

. -:- •■- •-. , .....■-,-. - ., .•;;■ .■'., riollu^ ovioqam tee-' a :*■•>■, -w -:.'"'-< ' ^'^ .■• 

in LACN's with more complex communication protocols. 3M has recently announced a 1.5 

Mbps rf-modem for $400. 



A. 2 Services 

A. 2.1 Cable Operators 

Currently over half of all cable networks are owned by small companies. Systems In the larger 
cities are increasingly being consolidated under me operation of a %#' bfg^rme called 
Muttipte System Operators (MSO's). "Pittf rjo wsetti S fiO rt process fe likety to cowtlnue and 
speed up over the next 5 years, as more of the oki franchises cd»«e up fef^fenewal. At that 
time it will be maeastogJy<dlft»cutt tor the srna* operators to ■compete with th* offerees btthd 
large, wealthy, MSO's; Tli* targelBlSOIs w«r offer to retreW *i#> systems fe*; two-way 
capability, or to rewire if necessary, «kk! thereby wM the franobfee renewal; 

A.2.1.1 Warner-Amex 

Warner-Amex, jointly owned and operated by Warner Bros Communications and American 
Express, offer* an interactive cabte service caHed QU8E, baaed cm a polling access protocol. 
The system has 32,000 subscribers and tbecaJ^iissse^ftXMQfta^iies^ 4 . Oabe was the 
first interactive two- way reskiefit»#cab^^ 

The headend computer is made up of three Data General Eclipse S-200V f 6-bit 
rmjftiprocesser mimcbmpdters wW* 28BKbytisis of 'main IMftMUMV* '"Wie'syjHem offers three 
interactive services: response polling, security monitoring, and pay-per-view television biltteg. 



154 CablevWon, October 12, 1861, "Qube Under Fire.", pg 73. 
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The Qube system relies heavily on the use of bridger switches to control the impact of 
insertion noise on the upstream channels. This method is compatible with the polling access 
scheme used. Qube developed thia technigue whicbljas sjrjce^be^ implemented in other 
two-way cable installations. 

All subscribers have addressable terminals with 4-bit microprocessors. Three to four times a 
minute the terminal is polled by "name". The terminal responds to a few commands: status 
(on/off), channel number, last response button pressed on keyboard, and OK for security 
monitoring. The interactive terminal is called a BT1300 and transmits and receives at 0.256 
Mbps. It costs from $245 to $465, in quantities over 30,000, but is expected to drop to $200. 
Packets of 1 K to 2K bits are permitted. 

The price to the subscriber of the premium channel, which includes full poflrng capabittties, to 
approximately $15 installation and $4 monthly. 



A. 2. 1.2 COX Cable 

Cox 155 is operating an experimental system catted hTdax(lfi*eract»v« Data Exchange) in San 
Diego, California. Additional systems are being installed in Atlanta, New Orleans, Omaha, and 
Tucson. The Index system is one of a few two-way, fuMy interactive videotex systems 
designed for cable. ThenetworkwHl op^ajfc»fiG0415§WlH»!^^ 
spacings (three* 6Mlu channels; 0.186 btts/hsKv limimm&mam&hanftBte will operate at IS 
to 17 dB below the video carrier power, which aitowflhera to be ntrton three lower channels 
which are not normally used for video because of interference in these bands. The upstream 
channels will operate between 5 and 30 Mhz. The uncorrected bit error, rate is specified at 10 
*, and the corrected BER (with cyclical redundancy checking, and retry) at 10" 12 . 

Cox uses a fully redundant Tandem Cornputer for headend control. The estimated per 
subscriber share of the deadend fixed costs is $T5. The traffic capacity of the system was 
estimated, using a simple model, to accommodate an average of ^t8, l&.mimtte sessions per 



155 

Information on the C^x a^em ww t«*W ir(W a weecfe by Q«ry;rji^^ of ^ Cable, on March 18. 1961 at • 

M.I.T. Communication Seminar on Home Infonnation Systems, as weN as from personal communications on October 

14,1861.' ' ' :■■"•' !-r~'.---ii';-Ytf*i~. :,■■■■:■ • -'.'•" 
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Some of the Indax systems will operate at 0.0% Mbps, such as that being installed In New Orleans, La. 
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month per subscriber. It is expected that 90% of the data wHI travel downstream, and the 
remaining 10% upstream. The Tandem is exjpecjed tp haqdj^ppe ^^trajpisaction every fewo 
seconds. Accounting for a 4-hour busy hour, and a peaking condition of 6% of the usera at 
any one time, it was calculated that the system cou^J[$Y^ 

5,000 one-way pages. This is considerabjy mp^e.pao^sjfjan $}ppr pjiorje^ased yigeojex^or 
teletext systems can provide with the same response- time. 

The home terminals are microprocessor driven and are therefore fairly expensive. Estimated 
costs are $320 dollars per subscriber terminal with data^pir^un^tipp capabilities, a^id ,$t2Q 
for two-way capabilities without data. The data channels, are accessed with *he contention 
protocol, CSMA-CD. Using this method, it is assume^ th|t cbannete can be run at 85% 
efficiency. Approximately 15,000 could be served on a 16 processor Tandem system, and 
100,000 on a system with 10 data channel pairs. The two-way interface units are being 
suppliedby Oak Communications. 

■■.-;v ;.:■■'. n ■ 

In total, Cox estimates that it will cost approximately $250 u per subscriber to offer two-way 

Indax services. A base, post for a two-way addressaj^5£,c^^ 

subscriber, placing Cox's total system costs at approximately $750 per subscriber. 

Cox will offer a variety of services, including Electronic Bank*wg 3 «ha' Shopping. Thw software 
is being developed by, hjoajeserve, a dtyisJonHot Anjericap Caji.-, The cable operator wHI in turn 
act as a carrier between the subscribers and the service provider, wb# wWl f 3£t as ap interface 
to the subscribers' banks. Shopping serv4cesand$ J©^^ pcoposedas 

Well. .■■■-,•-..• ; , -:- ; f :vi 

Information data bases are connected to the headend via X.25 lines. Information which is 
frequently accessed, such as the UP! news database, are stored at the headend. 

In addition to a residential Indax system, Cox is installing a 20 mile dual cable midsplit 
institutional network in New Orleans, as part of the franchtee agreement. The 
communications service on the institutional network will be owned and operated by a 
separate affiliate of Cox, Comline. It is not yet determined what services will be offered at this 
time, although some point-to- f)6int high speed data communteatfons and tetecortferencing 
will be included. The suggested tariffs range from $37 for 1.2 Kbps to $1000 per month for 
over 19.2 Kbps service. 
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A.2.1.3 Times Inc. •• Manhattan Cable 

MCTV offers the only non-experimental data communication service via cable, and has been 
doing 'so since 1975. MCTV is a wholly owr^ stibsidlary of Time, fnc., one of the largest 
MSO's in the U.S. MCTV currently services four maior banks in Manhattan at data rates up to 
1.544Wbps on a dedicated cable that runs thermites between MMhhatta^ downtown and 
midtown financial centers. The links are 1 strlctfy I^M',' and are offered as a leased-line 
alternative. 

MCTV guarantees maximum down-time of 18 seconds per day* 57 and a bit error rate no worse 
than 1 in TO 7 : The downstream chanriefs^are operated from 160 to 360 Mh*; with 5 to 1 10 Mhz 
used upstream. Standard data rates are 2.4 Kbps, 4.8 Kbps, 9.6 kbps, 19.2 Kbps, 0.056 Mbps, 
and 1.554 Mbps. 

The monthly lease rates range from $220 per month for a 0.0024 iMbps line to $1000 for a 
1.544 Mbps line 158 . Installation charges are $150 to $200 per end, depending upon the data 
rate. If the site is not near the trunk cable, construction may be needed to reach the building 
with additional drop cable. These construction costs could prove pfbh£tfttve^ 159 

A. 2. 1.4 Rogers Cables ys (ems 

Rogers Cabtegystems 1 * is currently developing a packet data network for upstream carriage 
of videotex and home compufeYCommuhfcatioha services to the home. Trials are being run in 
Oregon, and are scheduletMor a Minnesota system as wefl. Rogers pfarfs to serve 10,000 per 
network, using a 8 Mhz frequency allocation, for a data rate of at least 1 Mbps. Rogers will 
also operate over a previously unused part of the lower video spectrum. 

Minnesota Cablesystems Southwest (CSW) teaNOD MH* system which will service over 56,000 
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This is equivalent to 90.96% network availability. 

158 

MCTV, Manhattan Cable Communication System, Monthly Lease Rates, June 1, 1960 

159 

International Resource Development Ins;,, "Local Networks and Short RanijeCoinimiriications", Report #158, 

October 1980 

Information on the Rogers System is derived from a speech by T. Chislett of Rogers Cablesystems entitled, 
"Enhanced Two- Way Residential Systems" , presented at EASCON, November 18, 1981 . 
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homes, on over 700 miles of plant in 5 cities. A separate 186 mHe iristftirtfonal and business 
network will serve teiecowwiiwicaSon iwbrs, T^i*m sendees w* be savaHable, with up to 
1 0,000 pages accessible. Rogerewjll*effer both WHbomej sawfc "shared " Teiidorr terminate. 

The radial hub configured 400 Mhz system uses "intelligent" bridger amplifiers. The code 
operated switches at each of the trunk amplifiers, gates the ^apatwam transmission sol that 
trunk which is in the 5 to 12 Mh«*and. The central computer eofttioually scans the switches. 

" ■ " v 

An entire system scan takes a total of (Neconds. 



The business network will interconnect educational, governmental^ medical, and business 
institutions over a separate radial trunk system. Interconnection with Telenet via the headend 
is planned. Rogers expects the institutional network "to become the high-speed local loop for 
various satellite carriers wishing to service customers in the area without the penalty of very 
expensive land lines or installation of earth stations at each fc^aMil* ' 



A. 2.1 .5 Sammons Communications 

Sammons Communications has an operating information retrieval service via cable in 
Highland Park and University Park, Texas, a Dalle* suburb 161 ^^ . There are approximately 
12,000 homes »n this area and a large percentage offtgn income executives. 

The system is a 35 channel 300 Mhz subsplit system which began operation in December, 
1979. All services are en a polled basis with 5§ Kbp*j«tew*strajim dat* rata* and 28 Kbps 
upstream. The system is expected to tiandje 280 customers ^per second. Currently the 
services offered consist of professional data basesoHefad! through Pow Jones, in Princeton, 
New Jersey, and Beio information Service, which tea consumer orierHed local service, it is 
expected that most national information services in the near future will be offered through 
Dow Jones, although it fe pc*eibte toc*** 1 ^^^^ All 

communications with the heaofeiKl^* wf^^vflftWea 

the upstream requests are accepted both via the upstream cable channel and via the 
telephone. The hardware is provided by Tocom. 162 



161 J. Caddy, "Active Information Retrieval in CATV", EASCON '81, Washington, D.C., November, 1981. 
162 Sectk>nA.1.1.3 
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A.2. 2 Transaction Service Providers 

The banking, catalog shopping, and travel industries are In terest e d in cable as a medium for 

transaction services for consumer: In addition the bi^s^ 

medium for communication with commercial clients in downtown centers. 

In the.4ong run banks are -unlikely to turn over control of residential service offerings to the 
cable operator, tn the srw>rt run, k>inrve«ures are p«K»e and "software 

houses" such as Homserve. Those industries interested in »thO ©Wieaeiion'WwirketwWfeel 
compelled to enter into these ventures as a way of testing and promoting the market. 
Homserve and Bank One are currently developing an experimental system to be run over the 
Cox Cable Irtdax system. 

A. 2. 3 Information Service Providers ., ,, ,, , r 

Information service providers currently consist of a select number of banking institutions and 
professional data base services. In the future, they will be joined, by advertising firms and 
retailers, among others. 

In addition there are the professional data bases such as Ne*0S; Lews* Dialog, etc. These 
firms will benefit from the increase in out*** for me^ infwn^tfen, SrHlwiB play an active role 
in encouraging such development. 

Much has been written about the videotex services offered Hi other parts Of Vie world, most 
notabfyi Presfel i»«e **.K.vcA«tiepe>m»Fra*©e; andTelWen irt Canada. In afl three cases the 
sendees; use a ;oentra#y organised and controlled date r^aeV The data baser facilities are 
made available to infc^mattorvprovWers on w^&ttnmm^km^i'W^^m, Aral serve, baste 
and te Operated by the PTT. The M'hM-m-IWiimvfalBfWFiirb&Ua* videotex 
standard, Ptf»<vWch It would Mk* to o»fer overlhe^etepnone-netfwork (a hybrid network Is alio 
being considered). AHm is restricted from Gorn^rW Or i e ^ to d torwtions such as Information 
provision.'. •'"' l ^--~. ■'•' ■■■^ 
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A. 2. 4 Communication Service Providers 

Telenet, Tymnet, Graphnet, SBS, and MCI all have a stake in the "last mile bottleneck". At the 
same time that their services will be greatly enhanced by an improved delivery medium, they 
might also find the cable companies alternative digital communication networks offering 
competitive value added services. 
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Appendix B 
Glossary of mne«iiom€S 



ACM - Association for Computing Machinery 

BER •• Bit error rate. A measure of transmission reliability, the number of bits incorrectly 
transmitted. 

CATV • Community antenna television. The original name for cable television. 

CSDC - Circuit switched digital capability. A new capability proposed by the telephone 
company for digital transmission over existing local loop facilities, see Chapter 4. 

CS MA, CS MA-CD ■■ Carrier sense multiple access, and carrier sense multiple access with 
collision detection. A contention access protocol for sharing a single communications 
channel among many users, see Chapter 2. 

DAV ■- Data above voice. A technique for transmitting digital data signals in the frequency 
spectrum above analog voice signals over local loop facilities, see Chapter 4. 

DTS - Digital termination service. A local distribution technique using digital microwave, see 
Chapter 4. 

FCC - Federal Communications Commission 

FDM - Frequency division multiplexing. A means of obtaining a number of smaller channels 
from a given frequency range by dividing the larger channel in frequency. 

IEEE - Institute of Electrical and Electronics Engineers 

LACN -- Local area computer network. A communications network for devices within a 
campus-sized area. 
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LADT - Local area data transport. A name teed by thei phone company to describe services 
based upon DAV, see above and Chapter 4. 

MSO ■■ Multiple system operator. A cable operator that owns multiple systems. 

MTBF - Mean time between failure. The mean #me twt#eiri fafiures of a system component. 

MTTR - Mean time to repair. The mean time between failure of a component and repair. 

NATOA ■■ National Association of Telecommurtfcatioris! C#cers ahdAdvisors 

NCTA - National Cable Television Association 

NT I A ■■ National Telecommunications and Information Agency 

PSTN - Public switched telephone network. Traditional telephone network. 

TCM - Time compression multiplexing. The transmission 'method used to implement CSDC, 
soe above and Chapter 4. 

TDM •■ Time division multiplexing. A means of obtaining a number of channels over a single 
frequency range by dividing the channel m time. 

TDMA - Time division multiple access. A means of sharing a channel among many users by 
allocating different time-slots to different users. 
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